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= The Johnson Duo-Stat performs all of the operations 
—p indicated below: (1) Senses outdoor temperature; (2) 
oa Notes the temperature of the heating system; (3) ‘‘Tele- 


graphs” to the source of heat the proper relationship 





between those two temperatures; (4) Directly controls 
the ‘‘street steam” main to the 
building or the automatic fir- 
ing devices. In very large 
buildings, a Duo-Stat in each 
zone operates a valve in the 













branch main. 
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ES 
ra The principle of the Johnson Duo-Stat 
aies is fundamentally sound. Radiators are filled with 
Fur steam only when lowest outdoor temperatures are 
Rane encountered; partially filled, in proper proportions, 
"2 when only a part of their total heating capacity is 
iy required. (In hot water heating, the temperature 
f= of the water is varied in accordance with outdoor 
ya temperature.) The Duo-Stat, at the “last radiator” 
" ri in the building or heating zone, senses the tem- 
te. perature of the heating system and the outdoor 
oe temperature, balances one against the other to 








secure just the right amount of heat. More than 
ten years of successful Duo-Stat experience prove 
the logic of this simple principle. 


Economica Room temperatures, with John- 
son Duo-Stat control, are surprisingly uniform. 
Tenant satisfaction is assured. And owners are 
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DUO-STATS f 


OF HEATING SYSTEMS 
TO FIT THE OUTDOOR TEMPERATURE 


happy, too, because fuel savings are inet 
more than 25%, in many cases. The Ls ® 
hundreds of Johnson Duo-Stat installations: 
second and third, and even more, ore! 
owners who operate more than one bua 
more convincing proof of satisfaction and 
could be offered as a recommendation 


investigate N Johnson Duo-Stals 2 
installed in existing or in new builds 
equal facility. Investigate this tried anc P 
weather compensating heat control, % ® 
that actually measures the temperatue° 
heating system and maintains the prope! ™ 
with conditions outdoors. A Johnson s** 
neer will make a survey and recomme 
without obligation. Act now, before the =* 
ing season. Ask for information TODA! 


ILLUSTRATED BOOKLET JORNSON SERVICE COW? 


“JOHNSON ZONE CONTROL” MILWAUKEE, WIS, AND DIRECT BRANCH OFFICES IN P NCIPAL © 
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@ Dollar volume of residential build- 
contracts let during the first six 
onths of this year was greater than 
any similar period since 1929, ac- 
rding to F. W. Dodge Corp. In the 
states east of the Rocky Mountains, 
six months’ contract total was 


4} 
tie 


$644,527,000, which was 61 per cent 
ereater than the total for the first 
half of 1938, and 25 per cent greater 
than the total for the first half of 
1937. Out of a $245,000,000 increase 
over the 1938 period, $181,000,000 rep- 
resented the increase in private resi- 
dential building and $64,000,000 meas- 
ured the increase in public housing 
projects All sections of the country 
participated in the residential building 
increases, with increments over the 
first half of 1938 ranging from 19 per 
cent in New England to 125 per cent 
in the Cleveland area Non-resi 
dential building also increased over the 
1938 period, with a total of $516.579,000 
compared with $433,220,000 last year. 
This was a 19 per cent increase. In 
the non-residential classification, pub 
lic contract volume increased 42 per 
cent and private contracts increased 2 
per cent. Heavy engineering con- 
tracts (public works and utilities proj- 
ects) had a contract total of $538,- 
258,000, nearly 17 per cent greater 
than the corresponding 1938 figure. 
The combined result of all these build 
ing and engineering gains was a six 
months’ construction total of $1,699,- 
164,000, a 31 per cent increase over 


the first half of 1938 Comment- 
ing on the construction record and 
outlook, Thomas S. Holden, vice-presi- 
lent in charge of the statistical divi 


sion of F. W. 


“Present indications point to a good 


Dodge Corp., said 


construction volume during the _ re- 
ainder of the year, although compari- 
sons with the corresponding months of 
1938 will be less spectacular than in 
the first six months. The second half 
"1938 was a period of steadily mount- 
ing volume after a slack period in the 
irst half, whereas the month-by-month 
trend this year is following the more 
usual seasoned pattern. Residential 
building, both private and public, gives 
every indication of continuing at a 
satisfactory rate; non-residential build- 


n 


g is likely to taper off somewhat due 
to lessened public expenditures. Heavy 
construction, 


tederal 


largely supported by 
tunds, is also likely to continue 
tapering off. Even with an ever-nar- 
Owing spread between 1939 and 1938 


nthl 


ly totals from now on, the year 


wil probably close as the sixth con- 
secutive one of construction volume 


Lreases 


€ The editors wish to acknowledge 
with thanks a note from Percy Wil- 

of Carey & Wilbourn, ventila- 
‘n contractors, who writes “A con- 


} 
OU 


ty 
ik 


Hearne. 


tinuous subscriber 


since 


before 


first publication wishes you 


and greater success.” 


@ Church attendance i 
has taken a sudden jump, ( 


reports, since 
holding joint church service 


air conditioned 


loc al 


theater 


pastors 


a continued 


still, S 


arricr ( 


you! 


have be 


Ss 


in a 


Esti 


new 


11 
il 


reputed to be the smallest town in the 


U.S. boasting an air conditioned movi 


house 


Air conditionins 


- 


day be used 


in the 


farmer's 


Thay 


field, 


Sori 


tor 


experimental work of the Minneapolis 


Moline Power 


Implement Lo. has 


dicated its advisability This co 
pany has developed the “Comfortrac 
tor™ with a well sealed cab for far 
ing purposes and at present work is 
being done on a fan system for bring 
ing fresh, clean air into the cab s 
that it will not be necessary for the 
tractor operator to breathe the dust 
which so often rises in a field 
g Alvin H. Baer has re-jomed the 
Frick Co. as executive assistant after 
an absence of seven years. He had 
previously spent more than 30 years 
with the company, and has served as 
president of the American Society 
of Refrigerating Engineers, and th 
Refrigerating Machinery Associatior 
Morris | Leeds, founder 
and president of the Leeds & Northrup 
Co., assumed last month the posit 
of chairman of the board of directors 
and Charles Redding, tormer! vice 
president in charge of resear al 
engineering, became president Phe 
move will facilitate Mr. Leeds’ par 
pation in policy matters Phe 
Spence Engineering Co. has at ‘ 
purchase ot the pl int al d busines 
the Rider-Ericsson Engine Ci 
which was founded 1842 by Capt 
John Ericsson, builder of the wars 
“Monitor” of civil war fame 
@ The Air Conditioning Industries 
Branch of the Board of Trade ot the 
City of Toronto has recently 
pleted its first year of operati Ss as an 
association of those engaged tie 
conditioning industry In his annual 
report, E. ¢ Wilhams, retiring il 
man, explained that the bran id 
been formed because of a reed tk i 
association embracing those engaged 
the industry throughout Canada whi 
would operate to the benefit t bot 
the industry and the publ W.H 
Evans was elected t succeed Mr 


Williams 


B Thirty-nine 


many phases ol 


‘ 
naus 


experts 


have been named leaders and co 


11 industr 


conducted 
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sg in the new 
Moody Bible 
and Fugere 


Iron Tanks and Pipi» 
Building of the 


tration Thielber 


Chicago. 


Architects. Chicago, Illinois 
r 





Vv... 
The engineering approach to the problem of piping problem, our Engineering Service Department wil! 
selection was used again in the Moody Bible Institute, determine the probable corrosive conditions; relat 
Chicago. Experience predicted corrosive conditions these to similar conditions encountered elsewhere 
in (1) Hot and cold water lines; (2) Cold water storage interpret the results in terms of experience gained in 
tank; and (3) Surge tank. Experience recommended over 70 years’ contact with corrosion problems, and 
Wrought Iron as the best material to combat such make recommendations—backed by actual service 
corrosion. records. Ask, too, for a copy of the bulletin, ‘Wrought 
The importance of proper piping selection is em- Iron in Piping Systems.’ May we work with you 
phasized by the high cost of premature failure. The A. M. Byers Company, Pittsburgh, Pa. Establishec re 
wide variety of corrosive services involved, and the 1864. Boston, New York, Philadelphia, Washington phon: 
wide variety of materials offered to combat them, Chicago, St. Louis, Houston, Seattle, San Francisco aa 
makes selection an engineering problem. ~ 
We have helped many architects and engineers to an 
select materials on an engineering basis. We will phone 
gladly help you. If you will write, outlining your B Y E R S He 
GENUINE ) me 
Specify Byers Genuine Wrought Iron WROUGHT IRON adi 


Pipe for corrosive services and Byers Tubular and Flat Rolled Products The ; 
Steel Pipe for your other requirements. 
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Safety! 


THE NASH VAPOR TURBINE HEATING PUMP |S 
NOT STOPPED BY ELECTRIC CURRENT FAILURE 


WAM 
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WANNA 


For service in greenhouses, hospitals, 
schools, theatres, and public buildings, 
where heat failure is a serious matter, the 
Nash Vapor Turbine Return Line Vacuum 
Heating pump should be specified, for this 
pump operates perfectly without electric 


current. 

This is because the motive power is a 
special turbine operating on steam direct 
from the heating system. Steam used to 
drive the Vapor Turbine is returned to the 
system for heating, with little heat loss. 


~~ \ \\ \ \ | 1} | 
\ \ WY \\ \\ Mi Li 
\\\\\\\\ \\\ \ 








PITT LS TL, / Y// // YY 


| HY YY 
| WIN 





This pump insures constant heat in the 
system, it eliminates electric current cost, and 
it promotes high efficiency in the heating 
system. Heating efficiency is due to the fact 
that this pump can operate continuously 
with economy. Continuous operation means 
uniform circulation, and uniform conditions 
in the system mean steam saving. hy 

This pump has but one moving part, no 
internal wearing parts, and requires no in- 
ternal lubrication. Bulletin D-246 tells all 
about it, and it is free on request. 


THE NASH ENGINEERING COMPANY 


SOUTH NORWALK, CONNECTICUT, U.S.A. 
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Heating: 


Piping 


adAir Conditioning 


iping Design and 


‘Installation at the 


Works of Carnegie-Illinois Steel 


IPING systems for over 20 different liquids and 
are Works of 


the Carnegie-Illinois Steel Corp. in the Pittsburgh 


gases in service at the new Irvin 


district. Coordinated effort during installation of this 
piping was essential, as so many different classes of work 
were going on at the same time during the erection 
of the mill. 

For example, in the hot mill building a 12 in. welded 
2232 


steam line runs for ft through the trusses, carrying 
steam at 520 F and 200 Ib pressure. Roller bases were 
attached to the bottom chord members before the trusses 
were raised into position. Pipe work was all done from 
one position, jacking the line through the trusses as the 
were placed, by means of winches, using a 1% hp motor. 

Seamless steel pipe, scarfed for welding, was delivered 
in 40 ft lengths to the pipe station. 
51 ft to the truss line and arc welded to the advancing 


Here it was raised 


main. After the straight line had been completed, a crew 
installed expansion loops every 250 ft, cutting out a 
section of the straight pipe and welding the bends in 
position. The steam main was anchored approximatel 
every 250 ft, between the expansion loops, the trusses 
being specially braced to withstand the strain. 

A 20 in. coke oven gas line was installed through the 
Van 


The pipe was furnished 


center of the trusses in the annealing building. 
stone flanged pipe was used. 
in 20 ft lengths, flanged at one end, and was welded at 
the erecting point into 40 ft lengths. 
were erected with a 65 ft boom crane. 


These sections 
Two expansion 


jomts were installed in this line. 
Glass Tubing Inside Copper Tubing 


Acid handling presented an interesting problem in the 
Here chemically pure 
hydrochloric acid must be delivered from the carboys to 
the benches and hoods. 
inside 14% in. copper tubing, the space between the 
and copper tubing being filled with beeswax. All 
tubing was delivered in straight lengths, bent on the job 
is required, and fused in place. As the work progressed 
the copper tubing was slit, sprung in place around the 
glass ind then brazed, after which the space between 
‘he two tubes was filled with melted beeswax. 

All palm oil and paraffin oil lines are installed with 


1 . 
wdrogen evolution laboratory. 


Piping is ™% in. glass tubing 
glass 


glass 
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Steam. « 
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ameter, and 3 in. of insulation for pipes 4 i r larger 
Similar exterior lines have at least ™% in. additional 
sulation. Cold water line insulation is 1] 
wool felt to prevent freezing, while hot water pipes 
l in. of insulating felt 
To facilitate identification as well as 
pearance and simplify maintenance, all piping is paint 
according to the accompanying schedul \ll 
painted with the base color, and stencil lett rt 
plied al locations adjacent to valves n long runs 
pipe, a strip or ring 4 in. wide 1s painted aroun 
pipe approximately every 24 ft 
~ 
The piping at the new Irvin Works of the 


Carnegie-Illinois Steel Corp. includes systems 
for more than 20 different liquids and gases. 
Details of the installation and design are de- 
scribed here. including the method of identi- 
fying the various services, use of explosion heads 
as a safety measure, piping materials and con- 
nections, ete. As constant functioning of 
the slab heating furnaces at the hot mill is 
vital, four alternate systems of water supply 
for the furnace skid cooling water are available 
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Orifice Plugs and Explosion 
Heads for Safety Schedule for Identification of Piping 
SAS S ‘ OR 
Numerous large unit heat- Tyre bevel exon a 
ers are installed throughout Hydraulic (descaling) water, 1500 Ib... Yellow Ovense DESCALD 
the plant. These 1,000,000 Hydraulic (squeezer) water, 600 Ib Yellow Green SQUEEZ 
Btu heaters are connected to Raw water, 85 Ib . Green Red 
the main 200 Ib, 520 F steam Filtered water, 75 Ib - Green Whit 
lines by 2 in. pipes, a valve City water, 60 Ib -Green Purple 
being installed on the line at <a reenes "2 ae — 
the sanie. ewerr es. 6 Sprinkler and foamite . Red 
~ : f Pegi Ch Acid showers : . Blue Te 
onety kactor, a 38 in. orifice Compressed air, 110 Ib Green Orange AIR 
plug is installed between the Coke oven gas, 6-8 Ib - Yellow White C.0O. GAS 
main line valve and the heater Natural gas, 9 lb, Main, 10-30 Ib Yellow Purple NAT. GA 
so as to limit the steam flow to Mixed gas . Yellow Black MIX. GAS 
the maximum which the heater Deoxidizing gas se eees -+++ Yellow Green DX. GAS 
can use. Operating at ca- Hydraulic roll balance, 3000-3500 Ib Orange 
pacity, each of the large unit enna ng nag palm oil coolant Aart meas rene 7 
nar ezt afi. ‘ SES. SOE -araffin oj - Orange “ellow »ARAFI 
ha Pen aernee oe 25 Pinion stand oil - Orange Purple PINION 
aadiine he xtra precaution, J. Reduction gear oil . Orange Brown RED. GI 
Ib explosion heads have been eT ; Oven Black MOTOR 
installed on the low pressure Bearing oil Orange Gray 
side at all reducing stations Acid (sulphuric or muriatic ) . Yellow ACID 
between the main high pres- Steam quenching Red Blue 
sure steam lines and offices, Acetylene Yellow Gray 
wash and locker rooms, or Oxygen Yellow Brown 
points wherever men may be 








working in confined quarters. 

The main line carries approximately 200 Ib steam pres- 
sure, which for these heating purposes is reduced to 10 
lb through reducing valves, protected by 15 Ib safety 
valves. 

As a special. safety measure, a 2300 lb explosion head 
is contemplated in connection with the accumulator used 
in connection with the descaling system in the 80 in. 
continuous hot strip mill. The nozzle operating pressure 
at the descaling stations is 1350 Ib per sq in. The accu- 
mulator is of laminated welded steel plate construction, 
12 ply, and is designed for a pressure of 2000 Ib per sq 
in. Pump shut-off pressure is 1600 Ib. 


Skid Cooling Water 


Constant functioning of the slab heating furnaces at 
the hot mill is vital to the operation of the mill. As the 





482 





skid pipes in these furnaces are all water cooled, 


precaution must be taken to assure an ample and 
tinuous supply of water, for furnace temperatures 


up to about 2400 F. Standard practice is to tal 
skid cooling water from the hot mill motor roon 


ing system. However, four other alternate syste: 


water supply are available in case of need: (1) 
the motor room cooling system fail, a special raw 
supply is automatically turned into the skid pipes 
A direct line has been installed between the tur 
and the service water lines at the pump room 
necessary, the furnace cooling water can be rect 


through the skid pipes by means of a service pump 
A tie-up has been installed whereby in emerge! 


filtered water from the plant reservoir can be cir 
through the skid cooling system. 
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il of these plans have been tested, and it is interesting 
to note that in nearly a year’s operation, at no time have 
the furnaces been shut down because of faulty skid 
ng. All lines to the furnaces are equipped with 
check valves so that back flow of the cooling water is 
prevented when any of the alternate cooling systems are 
put into operation. 


cor 


Miscellaneous Piping Details 


Various types of valves are used at the Irvin Works. 
Ordinarily all large valves are steel body units with 
stainless steel seats and discs of dissimilar metal. Gas 
valves are all iron, many of them being lubricated cocks. 
Most of the smaller valves throughout the plant have 
bronze bodies, and the small globe valves are ordinarily 
of the plug type. 
steel and are equipped with stainless steel buckets. 

As a safety measure, high pressure descaling pumps 
are connected to their lines through two male flanges. 
[his permits a loose ring to be fitted over the gasket at 


Steam traps are all made of forged 


Thus, if the gasket 


the joint, under the flange bolts 


should blow out, the loose ring will function as a baffle 
and break up the stream, reducing its velocity below the 
danger point, 

Screwed flanges have been eliminated wherever pos 
sible, about the only exception being in the case of 
drinking water lines, where steel screwed flanges ar¢ 
used on lines from 3 to 6 in. in diameter. In place of 
screwed flanges, van stone flanges, weld neck flanges 
or slip-on flanges have been used. 

Practically all bends were made outside the plant and 
fitted into position on the job by welding. Random 
bends were frequently used, as pipe lengths were easily 
adjusted by means of a cutting torch. Tunnel piping 
was installed whenever possible before the roof was 
piping 


crew and the other construction crews, requiring careful 


placed and it was a constant race between thi 


planning on the part of the piping engineers and clos« 
coordination on the part of the general contractors to 
keep all gangs working at full speed without conflict 


[Photographs courtesy Power Piping Div f Blaw-Knox ¢ 


Sales Development Keynotes Meeting of 


National District Heating Association 


ALES development was the keynote of the 30th an- 

nual convention of the National District Heating 
\ssociation held at the Pennsylvania Hotel, New York 
City, June 27 to 30. The meeting opened Tuesday 
morning, and the afternoon session was given over to 
the sales development committee. This committee’s re- 
port consisted of several inspirational addresses. The 
Carlyle, chairman of the board, 
Alex Dow, president, The 


speakers were F. L. 
Consolidated Edison Co.; 
Detroit Edison Co.; F. B. Bryans, executive vice-presi- 
dent, Philadelphia Electric Co.; Miss Clara H. Zilessen, 
advertising manager, Philadelphia Electric Co.; and 
Merle Crowell, in charge of public relations, Rockefeller 
Center. Many utility executives were present to hear 
leaders of the industry talk, and more than 300 were in 
attendance at this meeting. 

Wednesday, Thursday, and Friday sessions were given 
over to technical committees, the Wednesday session be- 
ing devoted to reports of the commercial relations and 
research committees. The Study of Heating Economies, 
a paper by Earle Shultz and J. C. Butler, was a progress 
report of savings obtainable by the use of temperature 
controls and other heat saving devices. Continuation 
of this report will be watched with interest. A paper 
on steam compressors, by G. H. Tuttle, gave a de- 
scription of a method of increasing steam pressure for 
process work and created considerable discussion by 
manufacturers and delegates. 

The Thursday session was opened by a report of 
the steam station engineering committee, which was 
musual in that it gave moving pictures of fuel beds 
under various fuel bed conditions within boilers. The 
eature of this is that after development of methods of 
taking such moving pictures, studies will without doubt 
show how furnaces and stokers can be improved in de- 
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sign and operation to give higher efficiency. The 
by E. P. Durfee on Safety Pays Dividends was well re 
Mr. Durfee showed that actual savings have r¢ 


pa] mT 


ceived. 
sulted from the adoption of safety measures in powe! 
plants. The distribution committee report gave a sum 
mary of the practices of operating companies in the de- 
tails and methods of construction. 

Highlights of the year 1938 as summarized in the re 
port of the operating statistics committee included (1) 
the greatest decrease in sales volume and revenue fo 
at least 10 years, (2) universally warmer weather du 
ing the heating season throughout the entire territory, 
(3) a definite decrease in building occupancy, particu 
larly in commercial hotels, (4) a mixed trend in the 
price of fuels, coal and hogged fuel (saw-mill waste 
a decrease in the 


advancing, while fuel oil declined, (5 
number of steam employees and consequent reduction in 
the total cost of labor, and (6) a slight but significant 
loss in connected load. The meters and accessories com 
mittee report gave a comprehensive compilation of mete: 
practices and construction by member companies and 
meter manufacturing companies. 

Much interest was shown in the exhibits of 42 manu 
facturers of equipment. 

William J. Baldwin and Colonel 
were voted 
Colonel 
Society of Heating and Ventilating Engineers, and both 


Davis S. Boyden 


honorary members of the Association 


tovden is a past president of the American 
men are past presidents of the National District Heating 
Association. 

The following were elected to office: G. D. 
president; F. L. Witsell, first 
Phillips, second vice-president ; J. M. Arthur, third vice- 
president ; executive committee—]. R. McCausland, D 


C. Turnbull, and R. M. Nee 


Winans, 


vice-president; L. S 
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Static Electricity in Sawdust Duct 





Eliminated by Use of Water Sprays 


By Alf H. Hofberg* 


AWDUST conveying systems handling large vol- 

umes at high velocities present an explosion haz- 

ard due to several causes. In our efforts to pre- 
vent any such damaging accidents, we have catalogued 
all the possible causes that came to mind, among which 
is the possible existence of high potential electrostatic 
charges. We decided on a series of tests to confirm the 
presence of any dangerous charges. 

Apparently, electrically charged particles are not dan- 
gerous until the potential reaches the neighborhood of 
500 volts or more. An electrostatic voltmeter with va- 
riable ranges was prepared and an electrode made with 
an insulated handle. Holes were drilled in the sawdust 


ducts at various points. These holes gave plenty of 
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Sawdust represented by 
arrows, water by plain 





Cross Section 
of Duct 
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Fig. 1—Method of taking readings with electrostatic volimeter. 
If such an instrument is not available, a gold leaf electroscope 
will indicate the presence or absence of a charge. .. . . Fig. 2 

The three water jets each have a pet cock so any or all may be 
used. A solenoid valve in the water feed line opens when the 
blower is in operation and closes when the blower shuts down 


clearance to the electrode and were covered with bake- 
lite plates which also had*holes in them that would just 
clear the electrode. 

The meter and electrode were connected as shown in 
Fig. 1 and we immediately got definite evidence of dan- 
gerously high electrical charges. Tests were run over 
a period of two or three weeks, and we were lucky in 
having a great variety of weather during the test period. 
On warm, humid days the voltage was very low, not 
over 50 or 75 volts, or entirely non-existent. However, 
on colder, dry days the charge would go as high as 1500 
or 2000 volts. 

The test showed two things of importance. The static 
electricity in the duct was at times dangerously high and 
the amount definitely varied with the humidity. In fact, 
high humidity was always accompanied by a disappear- 
ance of electrical charges. Therefore, we concluded that 
we could make our system safe—at least from explosion 
due to electrical discharges—by introducing moisture. 

In all our tests we found that it was only in the long 
ducts where the velocity of the air driving the sawdust 
was high—7000 fpm—that noticeable charges existed. 

*Supervisor, Test Construction Section, Maintenance Division, RCA 
Manufacturing Co., Inc 
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We introduce the moisture at the start of the 
This particular duct is approximately 1200 ft long 
water jets are mounted as indicated in Fig. 2 
are three jets of a self-cleaning type, all set at th: 
level and within 3 in. of each other. Each jet 
about 1 qt per min at 30 lb pressure. The wat 
line to the jet is controlled by a solenoid valve s 
the water is turned on automatically when the 
is started and also turned off when the blower is st 
There are pet cocks to each jet so that either on 
or three jets can be on at any one time. Only 
tremely dry, cold weather do we find it necessary 
all three jets. With the jets in operation, ther 
detectable electrical charges in the ducts. 

No trouble has been experienced by the sawdust 
coming wet, which might cause packing in the 

The electrical measurements and also humidity 
were made in the duct about 900 ft from the px 
which the water is introduced. With the water « 

a cold, dry day when the voltage was in the neig! 
hood of 1500 volts, it dropped to zero volts in 20 
after the water was turned on. This checked wit 
calculated time it would take the sawdust to travel 900 
in the duct at the pressure and volume of our blow 
and with the conditions under which the air is 

in puffs. 

If no electrostatic voltmeter is available, a satisi 
substitute can be made in the form of a gold k 
troscope for a very nominal sum. Although the el! 
scope will not tell accurately the amount of el 
present, it will indicate the presence of any voltag: 





Static Electricity in Blower Systems 


(>| S 


The Underwriters’ Laboratories, Inc., 207 E 
Chicago, recently issued a bulletin on Generat: 
Static Electricity in Blower Systems. From th 
reported it appears that air practically free fron 
or liquid particles is not perceptibly electrified 
conditions ordinarily obtaining in blower syste: 
dust or lint is present in appreciable amount: 
charges of a magnitude capable of causing ign! 
spark discharges may be generated. Voltages 
observed ranged from 100 to over 10,000. Wit! 
tain limits the static charge increased in magnitu 


increase in the concentration of dust or lint, fin 


particles, velocity of air stream, and decreas« uy 
midity. While the subject of protection agains 
in blower systems is outside the bulletin’s sco 
evident that blower systems for dust, lint or v: 
moval should be electrically grounded to preve! 
mulation of dangerous static charges, the bulleti 
Heatinc, Prrrnc ano Air Conprrronine, Ave! 193? He: 











The Psychrometrie Chart 


Its Application and Theory 


By William Goodman* 


OR the conditions illustrated in Fig. 2, shown on 
p. 358 of the June issue, the total heat carried 
away by the air-vapor mixture leaving the chamber 
is equal to the sum of the sensible heat, Of, which raises 
the temperature of the air and the heat of the moisture, 
Wh. The ratio of the sensible to the total heat added 
the air may be defined by the following equation, in 


hich ge is called the sensible heat ratio. 


This equation is valid only as long as the moisture 


ided to the air is in the form of saturated o1 supel 


ated steam. The case in which moisture is added in 


quid form is discussed later. 

A table similar to Table 1 on p. 422 of the July issue 
could be provided to give the ratio angles corresponding 
to the various sensible heat ratios. For a given problem, 
the ratio angle would be the same regardless of whethe: 

was determined by means of the sensible heat ratio 

the moisture ratio. The following equation, developed 

Appendix 2, 


le heat ratio and the moisture ratio. 


shows the relationship between the sen 


moderate temperatures, 


be used, 


the following approximate 
lation may 


1061 
[7a] 


l gs 


When the moisture added to a conditioned space 1s 
the form of steam, as is the case in comfort condi 
ming, the computation of the sensible heat ratio is 
smple. On the other hand, if the moisture is in the 
rm of liquid, then, even though the computation is 
simple, care must be exercised in order to arrive at a 
trect numerical value for the sensible heat ratio: an 
The dif 
y arises from the fact that whereas the moisture 


ded to the conditioned space in the form of liquid, 


rror is easily made under these conditions. 
ult ; 
s ad 
is carried out of the conditioned space in the form 
vapor by the air stream. But the heat needed to 
iporize the liquid can be obtained only from the sensible 
fat gain of the room or from the cooling of the ait 
upply. Consequently, when computing the sensible heat 


ratio, the latent heat required to vaporize the water must 
The trane Co. Member of Board of Consulting and Contributir 


of symbols, p. 358, June issuc 

_ Part 1 was published in Heatinc, Pirtnc anp Air Cont 
ING, June, 1939, pp. 357-360, and Part 2 in July, pp. 421-424 

yr 1939, by William Geodman 
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be deducted from the sensible eal ¢ I \\ 


moisture entering the chamber! 


saturated or superheated steam, equation 6 can be 
However, if the steam is unsatur 
is supplied, the following equati 
derivation of this equation 1s 

In deriving |S] it is important to rem 
represents not the ratio of the sensibl 
eain of the room, but the ratio of the sensi! 
heat added lO thi aw sire j I nee the 
pears in the denominator of |&| because 
carried away in the form of vapor, even thoug 
supplied in the form of liquid. When all of the moist 
supplied is in the form of saturated ste heated 
steam, / h.. and equation 4 reé ces é ( 

Where the moisture added to the air str 1s 
orm ot vapor, the use ot the sensible heat rat re 
no special consideration. But, w! 
is in the form of unsaturated ste 
liquid there is a possibility of making an ert 
Care 1s exercised CSI tally bi Those 
method only occasionally. On th 
ot the moisture ratio involves no special ( 
regardless of whether the moisture add 
in the form of superheated steam, unsaturated st 
liquid water. For this reason, there is n 
of error if the concept of moisture ratio is us 
advantage of using the sture ~ 





In addition to the elementary uses of the psy- 
chrometric chart 
ships between dry bulb, wet bulb, and dew point 
humidity—-it pro- 


such as showing the relation- 


temperatures, and relative 
vides a simple and enlightening means of ana- 
lyzing many complex problems in comfort and 
process air conditioning, including drying. 

New psychrometric charts covering the low. 
middle and high temperature ranges. with sat- 
uration curves for various barometric pressures. 
are presented here. The general theory of the 
psychrometric chart i+ discussed in detail, and 
the methods of solving problems by the use of 
charts are described. . . These 
facilitate solution of most problems and lead 


new charts 





to clearer understanding of the fundamentals 








. 
q 
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plicable under all conditions regardless of the form in 
which the moisture is added or removed during the 
conditioning process. 

Because of the reasons stated in the preceding para- 
graph, the use of the moisture ratio for computing the 
ratio angle is preferable to the use of the sensible heat 
ratio. This is true even for problems in summer comfort 
conditioning where the sensible heat ratio has found its 
widest use. For such problems, the use of the sensible 
heat ratio seems to have some psychological advantage 
because its maximum value is one, and hence it gives 
the proportion of the total heat gain of a room that is 
in the form of sensible heat. Nevertheless, even for these 
problems there is no real advantage in using the sensible 
heat ratio instead of the more basic and logical moisture 
ratio. Because the concept of the moisture ratio is gen- 
eral, and because it can be applied to all types of prob- 
lems, its use is preferable to the use of the sensible heat 
ratio. 


The Energy Equation 


The method of analysis which carries the somewhat 
formidable name of the “energy equation method” is 
illustrated by Fig. 2 and equation 1 (see Part 1 published 
in June). This represents a simple case which was 
purposely chosen in order to show that an analysis by 


means of the energy equation method consists of nothing 


Fig. 7—- Diagrammatic illustra- , 4, 

tion of chamber in which water | 

is sprayed into the air. Note | 

that none of the water leaves 

through a drain pipe or a recir- 
culating pipe 


more than a statement that the energy flowing into a 
room or apparatus must equal the flow of energy out of 
it after steady flow conditions have been attained. By 
analyzing a problem in this way and setting up the 
equations in the manner illustrated by equation 1, the 
most complex problems in air conditioning can be readily 
analyzed. This method will be followed throughout the 
balance of this discussion. 

There is nothing very startling about the basic con- 
cept or application of the energy equation. Yet because 
it lends itself so admirably to the analysis of various 
thermal processes, it has proved a tremendously 1m- 
portant weapon in attacking many types of problems. As 
Professor Keenan* has written of this method: “It is 
hardly more than 10 years since the beginning of a 
revolution in the exposition of thermodynamics of fluid 
flow. This revolution consisted not in the discovery of 
a new principle but in the recognition of the importance 
of an old one. . . . It has brought precision and simplicity 
into the exposition of engineering thermodynamics. 


8}. H. Keenan, A Steam Chart for Second-Law Analysis, Mechanical 
Engineering, March, 1932, p. 195. 
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It has eliminated much complex and fruitless 


WME 6-4 « 


’” 


Mixtures of Air and Water 


Today the fact is quite well understood that ij 
at the same temperature as the wet bulb tempera: 
the air is sprayed into a stream of air, the wat 
evaporate into the air. The wet bulb temperature 
air will not change, but its dry bulb temperatu 
absolute humidity will change. On the other ha: 
results obtained are not quite so well understood 
case where the temperature of the water differs fr 
wet bulb temperature of the air. The result of sp 
water at any temperature into air will be discus 
this section. 

In this section the assumption will be made that 
the water sprayed into the air either evaporates 
air stream or remains in suspension in the air. fh 
words, the water either evaporates into the air o 
is not evaporated, it is entrained and carried a 
suspension by the air stream. For the purpos« 
discussion, none of the water that is sprayed lea) 
apparatus by means of a drain pipe or a water 
culating pipe. The case where the water leaves 
system either through a drain pipe or a recircn 
pipe is discussed in a later section. 

Referring to Fig. 7, the heat balance or energy 
tion for this case may be written 


Gh, + Whe = Gh: 
G (hz — hy) — W. h. 
Also 
Gw, + W. = Gw 
G (t:—w) = W 
Dividing [10] by [11], 
h, —h, 
Wy rea 
Inasmuch as the left-hand members of both equa 
4 and 12 are the same, 
em 
In other words, the moisture ratio is equal to tne 
enthalpy of the water supplied to the chamber. | 
much as the enthalpy of the water supplied to the cha 
ber is constant and independent of any changes that | 
take place inside the chamber, the final condition of t 
air leaving the chamber must lie on a ratio line. | 
slope of this ratio line depends only upon the enthalj 
of the spray water. As will be shown later, this is 0! 
of the few cases where the ratio line actually represents 
the change in the condition of the air as it flows throug 
the chamber in which the moisture is added to the 


Example 6: Air at an initial dry bulb temperature 
and a dew point temperature of 40 deg is passed th 
water spray. The initial temperature of the water is 
The quantity of water evaporated into the air amount 
Ib per min. The quantity of air passing through the spray 
375 Ib per min. The barometric pressure of the air 
Find the final dry bulb and dew point temperatures o! 

Solution: For water at 120 deg, gq = Ae = 88 Btu 
Keenan and Keyes steam tables). Referring to Table ! 
422, July issue) for gq = 88 Btu, @ = —55°-46’. Drawt 
ratio line through the point on the psychrometric chart (Cha" 
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359, June issue) located at 85 deg dry bulb and 40 deg sprayed 
point temperature entirely evapo! I 
W 5 the ir stream. the 
0.0040 Ib of water evaporated per Ib chang in the tinal « 
G 375 ol air. dition of the a Dias c 
m the psychrometric chart, 7’ 0.00599 a aera 1, hee 
ng equation 2, 7 0.00599 + 0.004 0.00999 Ib, final temperature ; 
a ute humidity of the air = Phis aS : 
e point representing the final condition of the air is lo- welid oni ee 
cated at the intersection of the horizontal line of absolute hu eecignant-4 SREP fe 
midity of 0.00999 Ib and the ratio line. The final dry bulb Se ae Ce, eee 
temperature of the air leaving the chamber will be 68.5 deg overflows throug Cine 
and the final dew point temperature 53.4 deg ‘rain pipe ofr 1s > 
Car®r ed iwa 
lhe coldest water that can be sprayed into air is 32 ents » 20 
deg and the warmest—at normal barometric pressuré cule ve re 
is 212 deg. The enthalpy of the water corresponding Phe Se a ; 
to these temperatures 1s OU Btu and 180 Btu respec which some of Fig. 8—Ratio lines corresponding to 
tively. Referring to Table 1 for q O, 6 593° -25’, pra ae water at 32 deg and 212 deg. Note that 
‘ s p a i\ even though the range of water tempera 
l lor q 180, 6 mS 21 Drawing the lines the onditior tures is fairly large, all of the ratio lines 
corresponding to these two enthalpies on. the psvyel ro ing apparatus for water fall in a small sector of the 
tric chart of Fig. 8. it is evident that the ratio lines = vs ieee % r psychrometric chart. In this illustration 
LHroug a drat the angle between the lines has been 
for all water temperatures between 32 and 212 deg must pipe or throucl exaggerated for the sake of clarits 
lie in a very narrow sector on the psychrometric chart a recirculat " 
The angle between the two extreme ratio lines for wate pipe is discuss diy detail in a later s 
32 deg and 212 deg is small. Hence, where the wate 
Decorating Air Conditioning Grilles 
- ep - srilies 
H' NV to decorate large air conditioning grilles in ince such as is shown in the right of the 
the ceiling of a handsome banking room became a more or less black holes in the ceiling hy 
problem at the Hibernia building in New Orleans, man the grilles the color of the field was att 
aged by Waguespack, Pratt & Hogan, Inc., according much as the grilles have directional fi aol 
Buildings and Building Management The ground the light on the fins which faced 
floor of the building is occupied by the Hibernia bank, gave a mottled or streaked effect. Rum 
ith elaborate banking quarters. When this room, along tried, but this gave the same streaked 
with the rest of the building, was air conditioned, the experimentation we found that by us ( 
grilles were installed in the expensively decorated ceil sign, the different directions were « 
ng, and, with all ordinary decorating treatment, ap shown on the left-hand side of the pl 
peared as dead black holes. \ similar problem was encountered , 
F. Poche Waguespack states the problem and its solu othce doors. Mr. Waguespack explains \ 
tion thus: “The various standard colors in which grilles Ing was installed in all of the upper flo 
could be obtained were tried, but they made an appear- lone in other instances, by placing the 


By using a stencil design as shown at the 
left, the appearance of the grilles in an 
expensively decorated ceiling was im 
proved, The right view shows how they 
looked before the design was applied 
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How Storage Principle Is Applied in 
Air Conditioning an Office Building 


By D.C. I 


HE main office building of the Dallas Power & 

Light Co. in Dallas, Texas, was built in 1930 and 

consists of 18 floors. The second through the 15th 
floor is devoted to office space. The building is of 
welded steel skeleton construction, with concrete and 
tile floors and brick walls. When the structure was 
built, there was provided an air conditioning system for 
serving the first floor, the auditorium and demonstra- 
tion cottage on the second floor, and part of the base- 
ment, The equipment consists of a 110 ton centrifugal 
compressor, together with necessary condensing water 
and chilled water pumps and fans. The conditioning 
unit is a single stage, spray type dehumidifier. Total 
connected motor load is 226 hp. 

Early in 1938, it was decided to provide the office 
portion of the building with a storage type air condi- 
tioning system. Fig. 1 gives a typical daily refrigerat- 
ing load curve of the building showing the original sys- 
tem, together with the additional load of the office por- 
tion of the building. [Estimates of the heat gairis in 
the building indicate that approximately 282 tons of 
refrigeration are required for the second to the 16th 
floors inclusive. The 17th floor auditorium and four 
unoccupied floors were not equipped for air conditioning 
at this time, but the refrigerating plant was made large 
enough so that in the future these floors could be added 
with a minimum amount of modification. The estimated 
load of the part of the office building actually conditioned 
is 237 tons. 

It was decided to use the sweet water type of storage 


‘Sales Dept., Dallas Power & Light Co. 
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system. Investigation of the basement shows 
approximately 56 ft by 20 it to be available \ 
tank was installed in this location with a cay 
approximately 13,500 cu ft of water. The efi 
capacity of the tank was based upon cooling the 

36 F and the conditioning units were design 
leaving water temperature of 58 F. On this bas 
pound of water when warmed from 36 to 58 | 
conditioning system will extract 22 Btu, and 
62.4 lb of water per cu ft, the total thermal cap: 
the tank is 18,500,000 Btu. On a ton-hour basis 
will require 1550 ton-hours to cool the wate: 

to 36 F. Allowing 20 per cent for the tank “losses 
complete water displacement and heat pick-up) 
will be available 1240 ton-hours for use in ait 
tioning. Using a 90 per cent factor for diversit 


tank has been given a normal 10 hr rating of 13/ 
equivalent machine capacity. we. 

With the building load estimated at 237 to ° 
allowing 90 per cent diversity, there will be r 
2133 ton-hours of refrigeration for a 10 hr day. dw | 
tracting the 1240 ton-hour capacity of the tank, a balan 
of 893 ton-hours must be supplied by the compres a 
during the day. The compressor equipment 
selected so that one of the machines would 1 
carry this load and the second machine would b 
night for cooling the tank. 

It is assumed that the full 1550 ton-hours Ml 
required for the night cooling of the tank with a: _ 
tional 200 ton-hours representing miscellaneous nig! e 
load. This gives a total ton-hour input to th 
night cooling of 1750. P 

5. 1939 Hearn 
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wildins for a typical summer day, the air conditioning 
peration being shown as superimposed upon the nor 
al building load. Fig. 3 shows a typical October day 
id curve showing the air conditioning system operating 

100 per cent storage. Fig. 4 is a diagrammatic 
rangement of the chilled water piping showing the 
cation of pumps, valves, thermostats and controls 
ecessary for the operation of the storage system. The 
Wed refrigerating equipment consists of two & in. by 


in, 300 rpm ammonia compressors complete with 


ray type chilled water cooler. A forced draft cooling 


wer is situated on the roof of the building. The 
Iding is conditioned with closed coil type conditioning 
its on the various floors. <A chilled water piping 


sem furnishes water to the units at 50 F, returning 


(S&F The storage system 1s known as a semi-storage 
ye in which the refrigerating equipment is operated 
day and night. During the day the refrigerating 


of the cooled water is utilized to assist the com 
ssors to cool the building. This is accomplished by 
cing chilled part of the 


turned water from the system, to maintain the desired 


water from the tank with 


temperature. 
Normal Day Operation 


lig. 4) 
iin chilled water pump 2 circulates water through 


rmal day operation is as follows (se 


cooler to the supply riser, through the conditioning 
ts, to the return line and back to the suction side of 
spump. A thermostat in the supply riser operates a 
mostatically controlled valve 4. When the require 
ts for refrigeration exceed the capacity of the cooler, 
the 


A in such a manner as to allow water from 


temperature of the water rises and thermostat 
ntrols valve 
ection pump 3? to enter the closed loop. The injection 
» operates only at such times as the thermostatically 
trolled valve A is open. 
he water that 1s injected into the closed loop under 
ssure displaces an equal amount of water in the surge 
nk, which amount of water is piped back to the warm 
of the storage tank by means of the overflow line 
wn on the drawing. The system is operated in such 
ner that during a normal day the entire quantity 
water in the storage tank is pumped into the system 
that at the end of the day the temperature in the 
rage tank is 58 Fr. 
nk is such that the water travels around a series of 
rtical baffles so that the temperature of the 
rawn from the cold end of the tank is not affected by 
38 F water returning from the system. An allow- 
e of 20 per cent was made in the determination of 


The baffling arrangement of this 


water 


size of this tank to allow for incomplete stratification 


e water. The capacity of the injection pump 3? was 
‘lected so that during a normal 10 hr day it pumps the 


une of water of the tank. 


Night Operation for Cooling Tank 


\t_a predetermined time in the evening, when the 
ing requirements for the building are over, the main 
ed Water pump 2 is connected by closing valves 1, 


ind 5, and opening 7 and 77, so that water may be 


mped from the warm end of the water storage tank 
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Fig. 2 shows a typical 24 hr electric load cu: ve of the 





through either of the coolers to the cold 


tank. This continues until the entire wate 
in the storage tank has been reduced to 3 


The chilled 


variable speed, wound rotor induction mot 


main wate! 


nuts operating the pump at various 
the time of cooling the tank can be vari 


the judgment of the operator. 
Night Operation of Building 


lf at 


on any ofl 


time it 1s desired to 


floors 


any urns 


the during mght 
accomplished by operating the 


~ 


myection | 
same time the main circulating pump is us 


water in the age tank Under thes 


sto! 
thermostatically controlled throttle val 
3 to receive its supply of water either 
line to the warm end or from the 
of the storay« tank, depending upol 
i Keach 


ing the supply of 


the 


ol the motor operated 


cont 
Water to its condit! 


terlocked with motor circuit 


is Closed unless the fan is in opera 

the 14th floor desires air conditioning 
fan unit on the 14th floor « be s 
button station in the basement and inject 
operated as described l'nder thes 


1 
| 
i 


valve § closed, all of the water whicl 


system must return through the overfl 


apparent that the number of units which ¢ 
under this condition is limited by the « 


Instruments and Controls 


(One ot the outstanding fe: 
the 


rriine 


instrument and control 


system 1s 
te det accurately the thermal ett 


storage tank, a means has beet 
the Btu output ot one of the c olers. sll 
having two temperature pens on the sam 
temperatures are designated by ¢, and 
being located at the inlet and outlet of 
can then be obtains 


flow 


output of the cooler 


by reading the 


water pen and the two 
pens and computing equivalent Btu \ 
meter 2 is provided to measure the cold wat 


the tank, and this meter also has two temper 


ft, measures the warm return water fror 


pump 2 is equi 
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frigerating effect at night when 
stored refrigeration to supplement 
capacity during the day. Types of 
ing were reported in the July 
month, a description of a storage sy 


how it is operated. 
been taken from a paper presented 





versity of Texas air conditioning 


number: 


A method of improving air conditioning power 
load factors is to provide a means of storing re- 
the 
building electrical load is low and using the 


normal 


compressor 
storage ay &- 


tems and operating results in a 19 story build- 


this 
stem in an- 


other building is given, with a discussion of 
. This information has 


at the Uni- 
conference 
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the hot end of the tank and ¢, the cold water temperature 
leaving the tank. The Btu output of the tank can then 
be directly measured. A third flow meter designated as 
3 on the drawing and having temperature pens ¢, and ¢, 
is provided on the older conditioning system. During 
the normal day operation this flow meter measures the 
Btu output of the centrifugal machine, which has no 
bearing on the storage system except when used at night 
to assist in cooling the tank. 

\ 24 point indicating thermometer is provided with 
its temperature elements located on each floor. By turn- 
ing the dial on this instrument the operator in the base 
ment can read the temperature at any point of the build 
ing. For the 10th floor it is possible to read both the 
wet and dry bulb temperatures, from which a representa- 
tive inside condition is determined. It is also possible 
to read the outdoor wet and dry bulb temperatures. A 
12 point balancing type thermometer calibrated to read 
within 4» of 1 deg is supplhed for determining the 
temperature of the water in each compartment of the 
storage tank. 

Each of the fans in the equipment rooms throughout 
the building can be controlled from the basement by 
means of a remote control pushbutton station equipped 
with indicating lights. These fans can also be controlled 


from each equipment room. 
Operation of Controls 


The operation of the storage system is determined by 
the thermostatically controlled valve A which throttles 
the discharge from the injection pump 3 so as to allow 
a sufficient amount of 36 F stored water to be mixed 
with the 58 F return water, to give a 54 F temperature 
at the inlet to the chilled water cooler served by the 
ammonia compressors. Sufficient refrigerating capacity 
is provided to reduce the temperature to 50 F leaving 
the cooler under normal design conditions. If this water 
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temperature exceeds 50 F, the action of th 
opens valve A to allow more 36 F water 
} 


system. If the temperature to the units is b 


? 


(or any predetermined setting) the thermost 
valve A so as to allow less of the 36 F water 
the system. As the injection pump forces 36 


into the system, an equal amount of water is 


in the surge tank, and an overflow line carries | 


back to the warm end of the tank 

The storage tank is provided with temper 
cators at each of the passes between success! 
baffles, and the operator determines the n 
pacity of refrigerating equipment by the relat 
temperatures in each pass to the time of t 
system should be operated so as to take fu 
of the tank during the day and if, for examp! 
time the temperature readings were such as 
that there were but two of the seven passes 


+} 


to supply 36 F water, it would show that th 


been drawn upon too heavily during the fore 


additional machine capacity must be put int 

The thermostatically controlled valve A aut 
proportions the mixture of celd and returned 
the operator must use his judgment as to 
of refrigerating capacity in service so that t! 
a little reserve held in the storage tank at all 1 
perience alone determines the best metho 
tion. The two ammonia compressors are ¢ 
of 50 per cent reduction in capacity ; consequ 
steps of refrigerating capacity are availabk 
tor’s discretion. 

A daily log sheet containing places for ov 
tries of data is being kept. Some important 
such as the daily and seasonal efficiencies 0! 
tank, which are still viewed theoretically, 
swered this summer. By the end of the su 
will be available a very complete record for 
the operation of the semi-storage system. 
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How to Select and Install 
Spring Hangers for Piping 


By W. F. Fischer“ 














\NGERS for the support of horizontal pipes of spring when all coils are close Clal tl ( 
high pressure piping systems should not only the maximum load for which the spring is designe 
be adjustable to facilitate the lining up of the Springs should never be loaded to maximum « 
piping system, but should also provide a means for tak- except for test purposes, and when the test | ( 
ng up or relieving strains caused by expansion, con moved the spring should return aga O It t | free 
rraction and vibration in other members of the system. height 
The horizontal steam main shown in Fig. 1, for example, The total amount of compression—or free spac: 
in a helical compression spring is the differes in in 
between the frec height H and the solid height meas 
The author has had many occasions in his en- ured parallel to the axis of the spring ue ot ( 
gineering work to design spring hangers for depends on the number of working coils NV and the pit 
piping of the kind discussed here. Because or center to center distance of the c: ec 
he could not find much published data on the Fig. 3). The pitch, or center to center distance: ( 
subject, he prepared these tables and sketches, coils, 1s equal to the diameter d of the wire or | 
including in the tables a variety of spring sizes which the spring is wound, plus th - ble 
deflection / pet coil Helical springs are vound wit! 
, Tl ¢ nac 
subjected to a vertical movement caused by the ex tive coal af 
pansion and contraction of the vertical riser VY, which each end. Cowera Tavcas ge 
: fixed at its upper end and expands downward 0.8 in eet dicen ty ote) © 4 
hen heated, thus putting an additional strain on hang the taper old Load : 
> = ap O75 a8 or 
rs y and 2, and an upward thrust on the riser itself. a f a CPT eatin t 
ng off o wetaan a4 sates hs 
If the hanger springs are properly adjusted to beat oS. “2275 le ree, 43 4 
e weight of the pipe, fittings and valves when cold, “1 ¥ ji \/ ary 
7 coils. rey larger ‘ L 
e expansion of the riser when heated will decreas« - nee? | fom 
- > - : VAPUaE at fe vr > 7 
set height of each spring by O.8 in., the amount of ed + l < jo 
. ie | a> y = 7 ub be B 
the expansion. If, therefore, the upward thrust on th a ® lead ood | yt 
riser shall not exceed the SOO Ib specified, each of the diameter of ee hoes 
springs must be of such capacity that they will de ; , 
' I : % ' tine bar Fig. 1—Sketch illustrating « xample 
compress or shorten) not less than 0.8 in. under a sees gees 
Wriicl Wes 
ad of 400 Ib, or not less than 1 in. under a load of Mil a a | nae 
4 Sul Y the ota new Ol the spring par: ( 
40) 0.8 = 500 lb That is, the scale value | of the ne . ' 
< s Helical springs of be st proportions are 
ring must not be greater than 500. (The scale value wit pitch diameter M = lt 
vitil i yILQT CLATIICLCT i ( ua m TT 1] 1¢ 1! | evewni 
helic: S -} Oo 5 : r ‘ce } Ss “e res to ] ] 
elical spring is that force in pounds required t times the diameter d of the bar. In no case should M 
press or shorten the spring 1 in.) he lees than 44 
oprings having a scale v: : av, 600 Ib per in ah r , , 
having L cal value of, say, Pp [he capacity P, in pounds, and deflection F. pet 
eflection instead of 500 would shorten 1 in. under a es ae , 1 : 
— ; ) ing coil, can be found from the followi1 
ud of 600 Ib, or O.8 in. under a load of O.8 & 600 
, - =. . - 5 /3 
‘SU Ib. In the case of Fig. 1, the reaction of the two mG 
springs would produce an upward thrust of 2 « 480 aM 
0) lb on riser X. xSM? 
[he number of working coils N in a helical spring 
$ governed by the scale value V of the spring itself. 
creasing the scale value of the spring increases the ‘ 5 the capa the s 
mihas¢ ’ _° . ’ ) t I st it 
her of working coils required, and also the fre 
oe . : . . : per 
eight of the spring H. Conversely, increasing the scal« : <a ise 
: ; , : A ‘ 11s the diameter t the bar 
ue of the spring decreases the number of working WP he din ahi’ a wins ' 
, ‘ E . , wis the mean, or pitch diameter 
us required and also the free height of the spring. ae gulitemctiiet tia Minmnetes af tha how Grom Che cntebie 
Che free height of a helical compression spring is diameter of the spri1 
tie overall length, or height, of the spring as wound F is the deflect r coil 
tlore any load is applied to it. The set height, t the sprit 
indae os . . : the tte ¢ , diy ‘ 
der any specific working load, is the overall length G 1s the ¢ un 
» hitete cl ' : 7 material 
eight of the spring when bearing that load. The en 
solid height h is the overall length or height of the Pe Pe — — . ;. 
——a The total deflectior or compression t the spring 
‘fe author -has been connected with several of the large engineering : : = i ‘ 
ing the past 25 years Ss equal tO \ F, 
191 
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Maximum Capacity in Pounds (upper figures) and 


Table 1 


Deflection per 


Coil in Inches (lower figures) for Helical Springs of Round Steel Bars from 
14 In. to 11/16 In. in Diameter, Fiber Stress 100,000 Lb per Sq In. 



























































































































































































































































Mean Diarneter of Bar Mean Diameter of Bar 

aan aan SS ae esata 
fils lalelzlzla2i.aizi4ziz2izlélalszl¢ 
Soring| #@ | /é | 8 é\|2 |  \Soring| € | 46) 8 | 4) 2 | 0/18 | 4 
7 | 623) 198 25 | 246 | 400 | 823 | 13/7 | 1965 | 2800 | 3635 | 51/0 
| * |a/20| 00% 2 | 0749 | 0.598 | 2500 | 0428 | 0.374) 0.333 |0.300\0272 | 
rh | S774 7/30 2 | 234| 456 | 788 | /253 | 1870 | 2660 | 3650 | 4860 
“4 | 0/351 2/0 8 | 0.827|0660\0.55/ | 2472 | 0.4/3 | 0.367 |0.330 | 0.300 
72. | 595) 1068 \/840 ez | 223 | 435 | 753 | 1192 |/785 | 2545 | 3485 |4635 
8 lars/|as2/\av2| QG0S | A725 | 0605| O51? | 0452 | 0403 \0.363 \0330 
78 | 5/7 7010 | 1743 22 | 23 | #8 | 722/148 |/710 | 2435 |3335 |4445 
6 | 2469 2/35 \A//3 F | 2992| 2791 | 0.66! | 2566 | 2496 | 2440 \0.396 | 2.360 
2 | €90| 957) 1655 3. | 204) 400) 690 | 1092 | 1637 | 2330 | 3/95 | 4250 
‘S | 2/88\ Q/5ONO/25 1.080 | 2862 | 0.720 | 2617 | 0.540\ 2480 | 0432 | 0392 
1 | 467| HI | 1575 | 2500 34 | (96 | 383| 662 | 1050 | (568 | 2235 | 3065| 4070 
“Me | Q207\2165| 2/38 | 2/8 F | 4/70 \2984| 2.76! | 2668 | 2585 | 0520 | 0467 \0426 | 
14 | 44 872 | (505 | 2390 32 | 189| 370) 638 | 1012 | 1510 | 2/52 | 2950) 3925 
A226 | 218! \ 2/57 | 2/29 | | ~* | £268| L012 | 2845 | 0723 \ 0632 | 2562 | 25070460 
72 | 427| 835 |/440| 2290 34 | 356 | 6/4 | 975 1453 | 2070 | 2000 7780 | 
7 | 2248 0/98 \2/66 | 2/42 09! | QU2 \ 2760 \ 0683 | 0.607 | A545 \0497 
12 | €08| 800 \/380 | 2/95 \3275 34 | 343 | 59 | 940 | 1402 | 2000) 2740) 3645 
“2 | Q270\ Q2/5 \Q/80| A154 \ 0/85 2 | 4/23 | 0.980 |\0.838 | 0.733 | 0.653 | 0.508 | 0534 
ig | 392! 767 \1323 2/05 | 3/40 3¢ | 33 57 | 908 | 1355 | /930 | 26¢¢| 3520 
| £4 10293 | 2234 | 2/95 | 267\ 2147 £.260\ LOS! \0.900|\ 0788) 2.700 | 2629 | 2573 
if | 372 | 737 |273 2023\ 3024 3g | 552 | 878 | 13/0 | 1963 | 2555 | 3400 
ASI? | 254 \02(2 | 2/82 | 0/99 1125 | 0.962 | 0843) 2.748 | 2.674 | 26/2 

pi | 364| 72 |1228) (950 | 2910 | 4/40 32 | $33 | 848 | /267| 1798 | 2474 | 3290 
1 0342| 0273 \0228 10/95 | 0/7/ \0/52 5 | 203 | 1030 | 090! | A800 | A718 | 0655 
1g | 352) 685 [1/82 |/880 26/0 | 4000 a | 5/8 | 823 | 1228) 1748 | 2393 | 3185 
0.368 | 0.294 | 2246 | 02/0 | 2/84 | 0/63 4280 | 092 \ 0.960) 0852 | 0.768 | 0697 

72 | 3398) 662 | 1/30 | (8/5 | 2705) 3855 | Bar ah | 798 | 190 | 1693 | 2324 | 3092 
@ | 0394) 03/5 | 0263 | 0227 0/97 | 2/75 © | 1167 | L022 | 0.908 | 08/5 | 0743 
2 | Se?) 640 |//04 |/755 | 2620 | 3680\ 51/5 ag | 774 | 1156 | 1645 | 2255 | 3000 
‘# | 042/| 0.337 |O28I | O24! | 22// | 0/87 | 0169 + 11.238 | L085 | 0.963 | 0867| 2788 
| 316) 620 \/070 | 1700 | 2535 | 3606 | 4950 ag | (20 | 536 | 2/91 | 29/8 
@ | 045012359 | 0300 | 0257 | 0227| 0200 | 0.180 1150 | LOGO | 2916 \ 2835 
2 | 306] 598 |/035 | 648 | 2460} 3500 | 4790 | Bor ag |(990 | 1553 | 2/30} 2630 
0480 | 0.383 |\0.320 | 0274 \ 0.260) 2/4 | 2/92 2 |/2/7 | 080 | 0973) 0884 

52 | 297) 58/ |/000 | (593 |2380\ 3390 | 4645 |6/87 4g |'52 2070) 2760 
“@ | 05/2 | 0.408 |\034/ |2292 | 0256\ A226 | 0.205 | 0./85 1.140 | L025} 0943 
2g | 208 | 56¢ | 973 | (547 | 23/0 | 3285 | 45/0 |6000 ga |/472 | 2020) 2693 
F | 2542 \0443 | 0.36/ | 309 | 2271 | A2d/ | 02/7 | 0/97 # | 4200 | (080\ 0982 
24 | 280 | $50 | 946 |/500 | 2240) 3/9¢ | 4380 | $630 ag |/432 |/963 | 2620 
® | 0574 | 0458 | 0383 | 0.328 | 0287 | A25¢ | 0230 | 0208 ® | 1267 | 4/4/ | (036 
24 | 222) 533 | 922 | /46¢ | 2185 | 3/05\ 4265 | 5680 5 |(91/7 |2560 
+ | 2608| 2485 | 2405 | 0347 | 2304 | 2270) A243 | 222/ 1200 | L09/ 
2g | 264] 5/5 | 890 | /4/8 | 2150 | 3000) 4120 | 55/5 54 |870 |2485 
% |064/ \0.5/2 10428 | 0.367 | 232! |0285) 0.257 | 0233 ® | (262 \ 4/48 
2p | £58,| S05) 873 | 1387 | 2068 | 2945 4040 | $375 54 | 2430 
2677 | 540\ 0452 | 0.386 | 2339 | 230/\027/ |Q246 | °* | 1200 

2g | 252| 492 | 850 | 1352 | 2020) 2675) 3940 | 5235 52 | 2375 
4 | A712 | 0.568) 0475 | 0406 | A356 | 0.3/6 | 0283 \ 0.259 ® | 126/ 








Tables for Spring Calculations 


Taking S equal to 100,000 Ib per sq in., and G equal 
to 10,500,000 Ib per sq im. as a maximum for a good 
grade of spring steel, the writer has computed the values 
of P and F as given in Tables 1 and 2. The values con- 
tained between the heavy stepped lines of the tables are 
those for springs of best proportions where the mean 
or pitch diameter of the spring varies from 4d to 7d. 

The upper figures in the body of the tables are those 
giving the value of P, the capacity of the spring in pounds 
for a maximum fiber stress S of 100,000 Ib per sq in.; 
the lower figures give the deflection F per working coil 
under the maximum load P. 

A helical compression spring, wound from a 7 
diameter steel bar and having a mean diameter of 5% 
in. has a maximum capacity P of 5000 Ib at 100,000 Ib 
fiber stress, and will deflect 0.943 in. per working coil 
under that load Table 2). When winding this 
spring, the coils would be spaced or pitched 7g + 0.943 

- 1.818, say 1.82 in., center to center, so that the load 
of 5000 Ib when applied to the spring would compress 
it solid, bringing all coils in contact with one another, 


in. 


(see 


metal to metal. 
Where there is but little vibration to contend with, a 
factor of safety of 1% may be used when selecting 
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springs from the tables; simply mu 
dead or working load to be applic 


spring by 1.5, and select a 
capacity from the table. 
The actual deflection per coil u 
working load which the spring is 
in service can be found by divi 
deflection per coil given in the tab 
factor of safety chosen. The m 
working coils V can then be found 


spring 


ing the free movement required, 
given case, by the deflection per ¢ 


Selecting a Spring for a Dead Load Only 


If in Fig. 1 there were no expans 
cared for in designing the spring f 
2, we could assume a factor of sai 
and a free movement QO of, say, 3 
the dead load of 2635 Ib. 
a maximum capacity of 2? 
3953 Ib at 100,000 Ib per sq in. fil 

From Tables 1 and 2 we find that 
a choice of springs to 
Sex2yx. 44x34, 34x4%, F3x5 
Any one of these five springs 


This wi 


1.5 635 


five select 
in. 
the purpose and will deflect about 
amount under the dead load. Thx 
4% in. spring is perhaps the best « 
actual deflection per coil is f 
(2635 * 0.672) /4020 0.440, nu 
working coils is V O/f 3/0440 
total compression C under load P is 
4.70, and total compression 
dead load D is Vf 3.08. 
a scale value V = P/C 
856; that is, it will deflect or 
under a load of 856 Ib, or 3.08 in 


under 
Tl Is spril 
$070 (47 


shortet 


dead load of 2635 Ib for which it is intended he 


compression of 4.70 in. under maximum load 


4020 Ib and brings all coils into contact, metal 


1s 


Selecting Spring for Expansion or Contraction 


The % 
suitable for hanger 2 of Fig. 1, 
expansion to be cared for in riser YX. 


in. x 41% in, spring as chosen above 
provided the: 
If. howe 


same spring is used to care for the expansior 


and we provide a spring having the same s 


(V 


856) for hanger 7, the reaction of the tw 


when the riser expands 0.8 in. would produc 


thrust of 2 &K 856 > 


O.8 1370 Ib on rise 


of the permissible thrust of 800 Ib specified 


In order to use this same spring for the | 


1 


tended we must increase the number of work 
to give the spring a scale value of 500 or 


number of coils required is, therefore N 


4020 /( 500 & 0.672) 


12 working coils 


compression of the spring under the maximu 


4020 Ib is then C 
and the true scale value of the spring is 
498.51. 


+O 
! 


free movement desired 
yy the designer in order to find the number 
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0.672 S.U0F 


NF = t2 > 


Thus, this 34 in. x 4% in. helt 


approximately 3 in , 


of working 


ust, 190? 














































































































































































hay ing 12 working coils, is suitable for the Table 2— Maximum Capacity in Pounds (upper figures) and Deflection per 
- ao a Coil in Inches (lower figures) for Helical Springs of Round Steel Bars from 
itions given ' . 
ct “. oe , > thi 4, In. to 1'y In. in Diameter, Fiber Stress 100,000 Lb per Sq In 
ve solu eight /t ot this spring Is fl 
d + 1.5d d(\ 1.5) 0.75 ‘ Ror 
(12 + 1.5) 10.125 in. The free height T T 1 
0 e spring is, therefore, H h+cC 
10.125 + 8.064 18.19 in 
1e dead load PD carried by the spring be- 
: on oe s&s 
» riser star Xpi s 26035 Ib 1 |6625| BGS 3005 
fore the riser starts to expand ts 260: ; 2 Z; ¢ - 005 
an the set height due to this load is A — a ns 53] L toon, 
ana | 5 x s 020 \10022 | "940 
4 » 1K > S OR > 2a | $302} 8020 1996 sz nd 
H { —D | ) 18.1 ) ( Zf 35 4 IRS] ) | Q276 | 023 GLO | it a 
Th a é | 22 |6025|7652|9570| re 
12.91 1n. # |0302|0279\0259 "6 
ional los wT he r . 5770| 7940| 950 1055 | T 
fhe additional load w on the spring due 2z |5770| 7340) 9150 \1/255 = 
. : — ‘ 8 |233/ |QI05'\0282\ 0264 
to the expansion ¢ Ot riser NX is w Ve 3 13820 DDO ANESLIOTEH 900 | | 
408.51 0.8 398.81 Ib. The maximum 0.359} 2532 |2.309| 0268 | 0.269 | | 
: , . zi 5285 | 6730 | 84/8 \/0320\ 12 $32 
working load II” to be carried by the spring 8 | 0390) 0.360) 0334\03/2| 0293 
hen the riser 1s S -refore F ) L | 5097\ 6480 8090 | 9950 12083 8ar - 
when the riser 1 hot 1S, theretore, i l Sé 12977 ossolaser| tate | aoe " 
Zi 2035 398.81 3033.81 Ib, and 72 | 9905) 6230 77959580 | 11630 |19950 | 16567 
s , a 45\ 02910 0362\ 0342 | 2392 292 
the set height due to this working load is ee —~ G564) 254 J2/ | 23502 | 
; 4 147393 | 6025) 7520} 9500 | 15 FB: 
B=A—e 12.91 0.8 12.11 in. $2 | 0449\ 0452 \2¢32\ 2927 
The extreme fiher stres eo £ 14570 | 58/5 | 7257 8922 5424 | 
he extreme fiber stress on the material 35 |h526| o¢8s aged Cane 234s 
| the spring due to the dead load P) alone [ 33 [94/8/56 717020 |\8620 T7900 | 
. he : ay A py LA by 4p $+. 
is given by J DS/l (263: 100,000 ) — 4 C561 0.508 a. e j j 
S Sete patig 22 |4270 | 5430 \6789 | 8330 2/50 | 14429 
4020 65.547 lb per sq im. This gives | “8 10601 | 0554 | 05/3 | 0d8 1424 | 2399 
: pee , 152 2 | 4/42| 52706570 |8080 780 | 13970 | 
a factor of safety of 1.53 approximately. ¢ |fesel new |\asee\ ase a ito 
The extreme fiber stress due to the work- 4 $020 5/00 |6377 | 7835 | 4: ] 3554 
oF 67? | 0628 | 0458? \ 04585 7) .g4? 
me , | |] i elven by K Ws P be i Te. [UJEE | I9- j Gai 0.94; 
hy loa j > & ( , \ . ae 3898 49450 |\6/80 | 7600 NM 9/4 
3033.8] 100.000 ) /4020 75.4608 Ib | 7# 10 720 | 2667 |0.620| 0.578 | | 2509 | 0482 
ee : 22 13782 |48/5 |\60/3 |7400| 8980 110760112780 | 
per sq in., giving a factor of safety of 1.33. 43 | 2765 | 2706 | 0684 \ 26/2 ia | ager | acne 
An extreme fiber stress under 80,000 Ib ag | 368! |4675 |5840|7180 | 8726 |/0¢70 | 124 
ag ill oe a a ale "2 12808 | 2768 | 0695 | 0648| 0606 | 0572 | 0542 | 
per sq mn. can be considered sale tor a heh 4S | 3580 |\S550 | 5688 6985 | 8485S 7200 ? 089 
: 45 soa? aaae | made | mene | aoe 
cal wound c mpression spring wound of a L é |2685 | 0692 | 0603 | 2569 
‘ a 5540 \ 68 8267 | 9930 78 
good grade of spring steel and supporting ew. 2 | 0675 | 2636 | 260/ | 
steady, non-vibrating load. <3 950 | 9670 | 11469 
b | it 70 | 0.63 
“ 7842 9Z 34 90 
Selection of Springs for Riser Hangers | ap Ef | 506 
x . 4 « 4h 
a 2835 | 0788 | 2.740 | 2699 
Long vertical pipes and risers subject to 
expansion and contraction should be sup 
ported by flexible hangers or supports. If a long rise1 ers are properly adjusted for thi 





is supported at certain intervals by rigid hangers, prop i TIsel the « 
erly adjusted so that each hanger will bear its share will cause an addition 
the load when the riser is cold, the riser will expand spring for hanger 1, 
ipward when heated, taking the weight off the upper 1.6 in. on those tor hi 
hangers or supports, in Taking an arbitrar 
| which case the lower hanger 1800 Ib as the working 
Se i 2 will have to bear practically riser cold, we see that 
Cees of tae" all of the load. Such a case r must compress or s 
| “| —?%..» is illustrated in Fig. 2. The lb, or 1 in. under a 
‘ : riser 1s 105 ft long and is 250 Ib, the scale valu 
supported at its lowest end In hike mann we Tl 
on a base elbow, as shown. springs t anger 2 
and at three other points deflection, and that f 
. by hangers marked 7, 2 and to be 450/0.6 750 
EP The pipe, with its covet laking a factor « 
t ing, weighs 90 Ib per ft and working load of 180% 
the dead load on each capacity ot / 27 00 
hanger is 30 «& 90 2700 fable 1 gives a « 


Ib. 





Since two springs are to per cou 
be used for each hanger, 1 trial \ 
Fig. 2—Sketch for example the dead load on each spring ha ger 7, 
is 1350 Ib. If all three hang- 27007 


on selection of riser hangers 
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ot pipe is 0.6 in. 


The expansion in 30 ft 
at 100,000 


x 45¢ 1n. spri 
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dividing P, the maximum capacity 
spring in pounds, by the true value of 
each spring. These values of I’ are 


_— Mantgee Roa in the ninth line of Table 3. 


If all springs are adjusted for a dea: 
of 1350 lb when the riser is hot, o1 
set heights given in the eleventh lin 
table, an additional compression of 
in the springs for hanger 7, 1.2 in. on 


7 


for hanger 2, and 0.6 in. on those for 

3, when the riser cools down, will in: 
the load on each spring by practical] 
same amount, or approximately by 4 
as given in the thirteenth line of th 
If, however, the final spring adjustment 
to be made when the riser is cold, 
erecting the piping system, alls; 
should be set for a load of 1789 Ib, o1 
+ set heights as given in the fifteenth | 


Zz 
aS oe the table. If the adjustments are ma 


outlined, each spring should bear its p 


] 
1i¢ 


; 


share of the load at all times, w 


riser is hot or cold, 








Figs. 3, 4 and 5 (left to right)—Methods of supporting and guiding springs 


larger number of coils as given by N = C/F = C/0.943, 
we find that the springs for hanger 7 will require 12 
working coils, those for hanger 2 eight working coils; 


and those for hanger 3, four working coils. 


The true value for C, then, will be 12 « 0.943 = 11.32 
in. for the springs for hanger 1, 8 X 0.943 = 7.54 in. for 


the springs for hanger 2, and 4 X 0.943 3.77 in. 


the springs for hanger 3. These values are given in the 


eighth line of Table 3. 


By adding the true values of C as found above to the 
solid heights h as given in the sixth line of Table 3, we 
get the free height of each spring as given in the seventh 


line. 


The true scale value V for each spring is found by 


Table 3—Springs for Riser Hangers Shown in Fig. 2 


HANGER MARKED 


LINE 
No 2 
l Diamete { bar, @d, 1 ly hte ie 
2 |Mean, or pitch diameter of spring, M, : 
it 15% 45, $% 
} |Maximum capacity it 100,000 It 
fiber stress), P, Ib 2 760 2.760 2.760 
‘ Deflection F per coil under load P. i 0.943 0.943 0.943 
5 Number of working coils, N C/F 12 S 4 
6 |Solid height of Spring, A =d (N +1.5) 
be 9.28 6.52 3.78 
7 Free height of spring, H =h +NF, ir 20.6 14.06 7.55 
8 |Total compression under load P, ¢ ae 
NF, in 11.32 7.54 3.77 
9 |Scale value of spring (Ib per in. defle: J 
tion), } > 243.82 366.05 732.10 
10 |Dead load (no expansion or contra 7 
tion), D, lb 1,350 1,350 1,350 
11 Set height due to dead load D, A=H ae 
D/V.in 15.10 10.37 5.71 
12 Compression of spring caused by cor 
traction of riser, ¢, 11 1.8 1.2 0.6 
13 Added load on spring due to C, x 
e, lb 438.88 439.26 439.26 
14 | Working load (riser cold), W =D + 
Ib 1,789 1.789 1.789 
15 (Set height of spring due t vorking . 
load, B = A—e, ir 13.30 9.17 11 
16 |Fiber stress due to dead load, J = DS 
P 18,913 18,913 418,913 
17 |Fiber stress due to working load, A 
Were ése< Sept ae? 64.820 64.820 64,820 
194 


Adjusting, Supporting and Guiding 
Springs 


Long helical compression springs should be guid 
some suitable manner to prevent buckling or be: 
sideways when loaded. For springs of small n 
pitch diameter MM this may be taken care of by the ha 
rod which is placed on the inside of the spring 


inside diameter of a ™% in. x 2 in. mean diameter s) 


for example, is only 1% in., in which case a | 
diameter hanger rod can be used for the purpos: 
springs of mean diameter larger than 2 in., sor 
scheme as that illustrated in Figs. 3, 4 and 5 


employed to prevent buckling. The spring illust: 


in Fig. 3 is supported on a flat plate 7 attached 
tural members 2. Four round rods 32 are fitted 
in holes in the upper plate /, spaced uniformly 
the outside of the spring to form a cage which pr 
buckling when the spring is compressed 

An effective method of guiding the spring wher 
to be suspended from some overhead member 
shown in Fig. 4. Two U-shaped rods marked § ; 
through holes in the upper and lower container p! 
provide an effective guide for the spring, and 
same time a place to attach the hanger rods. [1 
rods with an eye at one end may be used for the pur 
and the U rods slipped through them when asse1 
the hanger in the field. In Fig. 4, the U rods are s 
inside the spring, but for springs of smaller 
diameter the rods can be placed on the outside 

A somewhat more elaborate method of accomp 
the desired result is that shown in Fig. 5. In 
the spring is contained inside a metal cylinder ot 
which may be made from a piece of standard ste: 
or boiler tubing with a flange welded on one © 
the other end closed as shown. 


Since the mean diameter of the spring tend 


“ae ‘ 
crease slightly when the spring is loaded, a cl 


of about % in. should be allowed between the out 
the spring and the inside of the cage or cylinde 


Heatinc, Prernc anno Arr Conpirioninc, AUGts 





1939 





Preparing Contract Documents 


for Low Rent Housing Projects 


REPARING the contract documents is the sub 
ject of the third part of the Umited States Hous 
ing Authority's bulletin on the heating of low 
ent housing projects: 

\ll heating plans and specifications should be in sufh 
cient detail so that a minimum of shop drawings will be 


necessary. 


A. The Working Drawings 


Ample space should be provided for piping and pat 
to avoid structural interferences 
the different 
Mechanical drawings should be gen 
erally piping 


shown as nearly as possible in the location in which it 


ticular care be taken 
ind conflicts 


mechanical trades. 


between branches of the 


diagrammatic, with all and equipment 
s to be installed. 

The use of a common trench for buried heating and 

water lines wherever possible should be encouraged 

Pipes should not be located in exterior walls where 
here is danger of freezing, unless proper protection is 
provided. 

Pipe sleeves and openings should be shown on th 
structural or architectural drawings for all pipes passing 
rough footings, masonry floors or exterior walls below 
cle The 


where 


elevations of sleeves need not be given 


xcept through waterproofing finishes, 


passing 


ich require special sleeve construction. In full base 


ents there should be provided not less than 6 ft 3 in 


lear head room under bottom of lowest pipe 


B. The Specifications: Materials 


Black steel pipe: all steam mains and all dry returns 


Wrought iron pipe: all wet returns, all underground 


and boiler feed and boiler blow-off lines 


turns 


Copper molybdenum alloy pipe: all wet returns, all 


underground returns, and boiler feed and boiler blow-off 


strong steel wet and underground 


pipe: all 


‘ 


ast fittings : 


threaded or flanged cast iron or brass of 
Cast Iron steam pattern. 
Welding fittings: wrought iron or copper moybdenum 


ay be used interchangeably for wrought iron or 


er molybdenum pipe. Welding elbows should hav 


‘ 


lace to center dimension equal to not less than 1! 


Con- 


nal diameters of the pipe to which they are 


ipe joints: in buildings—joints 114 in. and smaller, 
a : . . . 
screwed; 14% in. to 6 in. inclusive, screwed or welded: 


Sin. and larger, flanged or welded: underground—1"™ 
I larger, welded. 


Val es: Vy 


arger, generally gate valves; 2 in. 


in. and smaller, globe valves; 1 in. and 


and smaller, brass; 
«7/2 in. and larger, iron body brass mounted; 5 in. and 
natler, screwed ; 6 in. and larger, flanged. 
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) (seneral 1 é Lovering en ] 
othe sub livisions the speck 
2) Correction of taulty materia 
3) Worl nel ed s¢ edule ( ‘ 
ments: work not included 
+) Drawings—schedule, corr é 
and shop drawings 
>) Testing requirements, prior test Hsp 
Fuarantec 
)) lemporary heat equirements 
7) Removal of debris during and at complet 
contract 
8) Coordination of work with other trad 
Y) Permits. certincates ot approy il el 
10) l-xcavation and backhill, erades el 
11) Description of installation and materi 
ing system within buildin 
12) Description of installation and 
if system outside of building 
13) Description and installation « Y 
struct | icity meters, ( 
14) | undations MmItS It boiler ( 
\ k tor equipment 
15) Smoke breeching—damyx Ip] 
16) Boiler trimmings and tools 
17) Refractor sane cement, lime, « 
18) Chimney cor struction and dratt av lable 
19) Onl burn 
20) Oil pumps otors, controls, ar s 
Ppipimneg 
21) QOnil heaters, relief valves, oil tanks. meters 
22) Soot blowers. typ and at SscTIp iol 
23) Safety devices for boilers, oil burnet ind water 
supply. 
24) Exhaust heads 
25) Vacuum pumps, motors, cont 
26) Pressure reducing valves. strainers fet 
27 ) SYSTECI ol eating controls 
The third part of the United States Housing 


Authority's bulletin on the heating of low rent 
housing projects given here covers preparation 
of the contract document. The introdue- 
tory paragraphs of the bulletin. and Part 1 on 
economic analysis, were published in the June 
HPAC. Part 2, recommendations for 
design of heating plants, was published in July 


giving 


$95 





nn recrneie 


28) Radiation. 
29) Radiator valves, thermostatic traps, radiator 


hangers. 


30) Heating supply mains. 

31) Return mains—steam traps, combination float 
and thermostatic traps. 

32) Pipe and fittings. 

33) Joints. 

34) Unions, gaskets, bolts, and nuts. 

35) Valves, escutcheons. 

36) Metal U covers for pipes in fill. 

37) Pipe nipples. 

38) Open ends. 


39) Pipe sleeves. 

40) Trenches and covers. 

41) Hangers, anchors—guides, inserts, etc. 

42) Steam connections to hot water generators. 

43) Expansion provisions. 

44) Welding for pipe and fittings. 

45) Insulation for boilers and other equipment. 

46) Insulation for boiler room, including hanging 
ceiling if necessary, and ventilating equipment. 

47) Painting. 

48) Unit heaters, motors, controls. 

49) Ventilating fans, motors, controls. 

Exhaust fans, motors, controls. 


x 


Sheet metal work. 


5 ae A 


J 
i +t Goh) — 


aT 


Grilles, registers. 


mn 


Factory inspections, 
Testing boilers, pumps, fans, etc. 


yy? 


Testing of piping within building. 


56) Testing of underground distributions. 
57) Special equipment, accessories. 
58) Voltage and other characteristics of electrical 


service, 
D. Steam Space Heaters 

Include all necessary steam and return connections, 
thermostatic traps and shut-off valve, and an automatic 
controlled valve. 

The heating element (of non-ferrous tubes and fins, 
with ferrous or non-ferrous headers) should be suitable 
for a steam working pressure of 2 Ib 
per sq in. gage with air entering at ae 
67 F. When operating at full 
speed and maximum capacity, 





the final temperature should 
not exceed 125 deg; when op- 
erating at less than full speed 
and maximum capacities spe- 
cifed, the final temperature 
should be not less than 110 F. 

With the fan off, the space 
heater with the thermal head available should be capable 
of releasing approximately 25 per cent of the total heat 
output. It should be of the blow through type with 
direct connected motor and fan assembly, consisting of 
one or more forward curved double inlet fans mounted 
on the extended shaft of a three speed motor. The 
motor must be quiet running regardless of the speed at 
which it operates. 

Use standard air, measured at the inlet, for the cubic 
feet of air per minute to be recirculated through the space 
heaters. 
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Complete suggested specifications may be « 


upon application to the United States Housing 
ity, Washington, D. C. 


E. System of Heating Controls 


The purpose of the heating control system is 
vide a heating system in which the circulation « 
will be equalized either by an adjustable orific: 
as an integral part of the radiator valve or as a | 
sized removable regulating plate in each radiat 
assembly. Any other means may be used whi 
insure receipt of steam by all radiators at the sai 
proportionately. The systems of zone contro! 
as follows: 

1) Continuous Flow System 

a) Floating or throttling type. 

b) A valve which functions in progressive steps 
and closing. 

Description of Continuous Flow System 
a) To be capable of circulating steam at variabk 


pheric steam pressures and steam temperatures by) 


floating or throttling type continuous flow elect: 
operated control valve taking steam direct from suy 
15 Ib pressure above atmosphere 


the quantity of st 


b) To be capable of controlling 
so as to heat the radiators fractionally to vary their he 
by means of a continuous flow electric or air operat 
valve taking steam direct from supply at up to 
above atmosphere. 

Panel Boards 

1) To be of the automatic type with heat balancer a1 
or other suitable equipment. 

2) To be of the automatic type with outside ther: 
selector 
2) On and Off System 

a) A valve that is opened and closed periodical 

b) A valve that functions to produce pulsati 
Description f On and Off System 


a) To be capable of controlling automaticall 


f steam supplied by intermittently opening and 
trol valve for fixed cycles during which e val 
automatically selected by an outside thermost 
operated control valve taking steam from sup] 
pressure above atmosphere 

b) To be capable of controlling automaticall 
steam supplied by intermittently opening and closing 
valve for periods of time with these periods 
selected by a combination of outside and radiator 
or outside and inside temperatures, electric or ait 
trol valve taking steam from supply at up 
atmosphere. 

Panel Boards for both (a) and (b) to be of tl 
type to synchronize the action of the several zones 

Manual Control should be provided to in 
decrease the heat flow variably, for producing « 
steam flow and for shutting off the steam fl 
and provide means for automatically shutting 
steam flow when the outside temperature rises ab 
3) The Combination System will include th 


functions of both No. 1 and No. 2 described | 
Requirements for All Systems 


kach of the above systems should be balances 
chronize the action of the several zones so as t 
an even load curve on the boiler plant. Dem 


[Concluded on page 506 
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Heat ‘Transfer and Viscosity Effects in 
Ammonia Shell and Tube Brine Coolers 


By Richard J. Panlener* 


HIS review of data and tests on heat transfer in pose the test values were obtained by using the 
horizontal shell and tube coolers used for cooling factor for drawn steel tubing in Fanning’s formula ’ 
calcium chloride brine is continued from Part 1. upper curve of calculated values represet ( ( 
which was published in the June HPAC, drop values obtained when the friction factor tor cleat 
steel or cast iron pipe was used in Fanning’s formula 
Boiling Point Depression This curve indicates values which are approximately 12 
pel cent higher, and more accurate ly approa hes the true 
The reduced evaporating temperature due to the hydro operating pressure drop through a cooler aitet 
static head of the refrigerant in the flooded brine coolet1 tion and tuberculations have formed on the 1 apg 
has been long recognized as a problem in flooded coolers tubes It would also allow tor variation — 


Although it is not strictly accurate, it is a satisfactory ap 


proximation, for purposes of calculating heat transfer, ee : ——T 
» assume the average temperature of the boiling liquid | 
to be that at a point midway between the top and the o| Friction for Drawn Ste as 
bottom of the boiling mass, | | Friction Factor fe 

rhe very fact that this head presents variable « vaporat . - : 
ing pressures and temperatures in the cooler may cause 
a variation in the ammonia film, gas formation, and con- 
vection currents. However, the major effect of this r ~*) vf 
frigerant hydrostatic head is upon the evaporating ten j 
perature and hence upon the ultimate cooler capacity oA 

} a 
Average Brine Viscosity 2 | as , 
’ a 

Fluid flow has been resolved into two clear and dis So LZ 
tinct types, streamline and turbulent. There is a zone be i 
tween these two which 1s the critical region and in which ‘s cae 
either streamline or turbulent flow may occur depending A 
upon how it is approached. Only turbulent flow will 


; ee a 1] Fig. 5—Brine friction as determined by test and 
” considered, since the velocities necessary and heat : 
; as caleulated by means of Fanning’s formula 


transfer coefficients obtained under streamline flow would 


be impractical for commercial applications. 

The type of flow is readily determined by the use of im Ceage P blems e brine cooler hh en 
Reynolds number, which is a function of the inside diam How restricuions are not infrequently encounters 
eter of the tube, the velocity, the density and the abso Chese tests also showed that a cool cra 


lute viscosity of the fluid at the temperature and pressurt constant brine velocity, a constant MTD, but a 





conditions under which the flow occurs. Since the viscos brine temperature has a 50 per cet creas 
ity values for calcium chloride were available over a drop as e temperature © ( ne on 
wide range of brine concentrations and temperatures, a 
series of tests was run to ascertain the feasibility of cle 
termiming the pressure drops through horizontal multi 
pass coolers with this method. The major question to 
settle was the effect of the brine heads. For this rea \ thorough analysis of the factors influencing 
son, a 10 pass cooler was used for the tests so that any the overall heat transfer and friction values in 
liscrepancy brought about by the heads would be magni horizontal multipass flooded ammonia _ brine 
hed. The velocity range in the tests extended from val coolers is presented by the author. After dis- 
ues below to values far above those encountered im com cussing the elTects of the individual variables, 
mercial applications. Measurements of brine tempera an empirical heat transfer formula and accom- 
tures and quantities, and pressures at inlet and outlet, panying curve give a simple and rapid method 
were carefully made. Fig. 5 shows the curves for both of selecting the heat transfer coefficients. \ 
the test data and calculated values derived by means of description of the determination of friction 
Fanning’s formula. The test values represent accurate values by Reynolds numbers and an accompany- 
readings obtained both by calibrated gages and by met ing test curve to further establish its wegen) 
cury manometer. The calculated values which superim ein also included. . . . The data res of interest 
: to engineers concerned with retrigeration pip- 
Mfg. C ing. and in connection with brine spray equip- 
Part 1 was published in Heatinc, Pipinc ano Atr Co» : . , : os 
1939, pp. 351-353 ment for low temperature air conditioning 
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changes from 40 to —30 F. Since the diameter of the 
tube and the brine velocity remained constant, it is obvi- 
ous that the total effect was brought about by the changes 
in the brine viscosity and brine density. 

Having determined the viscosity effect upon friction, 
the tests were analyzed to show how the heat transfer 
varied with the average viscosity. Fig. 6 indicates this 
change in heat transfer with a constant brine viscosity 
and MTD and a variable brine velocity. 

Kratz, Macintire, and Gould (7)7 have approached the 


tSee bibliography 
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Fig. 6—Effect of a variable velocity on the heat transfer and 
pressure drop when the viscosity and MTD remain constant 
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Fig. 10—Values of fluid characteristic m 
plotted against leaving brine temperature 
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problem of the effect of the water film upon the 
transfer coefficients in horizontal ammonia multipass , 
densers. The problem is attacked with the idea that 
is transmitted from a flowing fluid to the metallic su 
through the stationary fluid film. The thickness of 
film and hence the conduction through it depends yu 
the viscosity of the fluid. 

Although test information does not permit the 
vidual coefficients to be broken down and resolved 
their individual values, Fig. 7 shows the great effe: 
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Fig. 7—Variation of heat transfer coefficient 
with changes in MTD and average brine viscosity 
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Fig. 11—Heat transfer curve for flooded ammonia 
horizontal multipass shell and tube brine 


coolers with 2 in. OD seamless steel tubes 
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As the viscosity values increase, the brine filn 


scosity. 
itation lessens and the fluid flow becomes less turbu 


\< 


t. Also, there is undoubtedly less activity in the buf 


laver since the increased viscosity would decrease the 


ly mixing. Fig. 6 graphically shows th 


riation in the heat transfer coefficient and the fluid 
essure drop through the cooler when the viscosity 
Phe 


d MTD are constant and the 


\ 


velocity changes. 


combined 


similarity of the curves definitely indicates a relationship 


hetween the two and the need for viscosity consideration 


heat transfer values 


Consley’s report (2) covers a series of tests which 


were performed under varying conditions of velocity and 


; 
if 


mperature 
| le wut ked 


assumption that the gain in heat transfer does not 


].28 specific gravity brine at 60 F. “on the 


Wal 


rant the risk of a freeze-up in a commercially operated 
plant, particularly where lower brine temperatures ar 


encountered.” However, he includes Fig. Ss to illustrate 
the possible increase 1n heat transfer with correct concen 


Fi 


as brought 


ge. 6 also shows the effect of the heat transfe1 


travions. 
about by a variable velocity and a constant 
viscosity, or in other words, indicates the variation in 


1 


heat transfer with a change in the brine film. Consley 
loes not include a correction curve for the heat transfet1 
when the brine concentration is used and _ thx 


] re 0 | eT 


velocity varied. 
Effect of Swirl Strips 
The effect of swirl strips on heat transfer values has 


disputed 
Consley shows in Fig. 9 with varying “apparent”’ 


1 
iO! 


e been commercial work 


in application 
Ve loci 
ties the effect of swirl strips both upon the heat transfet 
values and upon the brine pressure drop through the 
cooler. Again all these test values are for 1.28 specifi 
gravity brine at 60 F and for 9.5 deg MTD. 

To understand the effect of swirl strips, the brine flow 
must be analyzed. When swirl strips are placed inside 
he tube the brine travels in a spiral path which results 
in greater agitation or turbulence as well as higher velo 


lm 


vies. 


These higher velocities again reduce the brine fi 
resistance, the extent of which depends upon the quan 
tity of brine circulated and the pitch of the swirl. How 
ever, these higher velocities result in higher friction val 
ues, all of which is not beneficial. The additional friction 
is partly made up by the additional surface of the swirl 


; 
~ 


rip, which of course has its brine film and accompany 
ing resistance to flow. 

When a comparison is made between two identical 
coolers with the same size tubes but into one of which 
swirl strips have been placed, the true conclusion cannot 
To analyze properly the value of 
accessory equipment, tests should be run on two similar 


+} iS 


forthcoming. 


lers under identical conditions of specific gravity, vis 


sity, mean temperature difference, and “actual” brine 
velocity. To compare values with the 2 in. OD tubes 


shown, it would be necessary to use another dynam 


similar cooler with smaller tubes so that with the 
same quantities of brine, which would result in higher 
velocities, identical brine film conditions would be 
obtained. 


lditional factors would enter into this attack on the 
problem. First there would be an increase in the heat 


ster factor due to the smaller tube, as was previously 
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but with only one concentration, namely, 





discussed Secon ea 
wouid be brought about entire! wy the 
tube wall only: there would b loss a 
abl to any ther resistance to the flu fl I 
lem of comparison of these v ( 
ficult one an the basis as rik 
to reorganize exis es ' 
answel 
Conclusion 
\iter t uy \ Vi va { iva ( 
lata 1O flooded wnt nia ' ' ' S 
tube brine coolers out s tris 
| » obtal 1 tine yt] Wihny en 1 
ey { , 
/uts I ( 
average br 
: : 
I ract 
‘ al the 
Values f 
pcrat ire &£ 
he plot tor the above tor i 2 ())) 
shown in Fig. 11, and presents a less complicat: 
Io! obtaining the verall eat transit \ ( I 
umple, if a cooler were to deliver 0 F b 
temperature difference of 8 deg and an ave e | 
velocity of 200 fpm, the heat transfer would be obtaine 
by proceeding vertically from the & ( \ETD 
scale to the re 0 | bring ren i? ( 
hen horizontally to the 200 fpn é ‘ ( 
ly +! , ' rt 1] ; ; 
bilit \ Cl al i l Ve Cally { ( eve 
S¢ ile \“\ ere 55 Btu pe sq | pel | VITD ! 
When ne considers the ran al . 
represented by the flooded ammonia 
shell and tube brin cooler, it is easily underst 
overall heat transfer coefficients are used. Only recent! 
have efforts been made to apply dimensional ai 
these types of retrigeration pri lems at i 
this method Was ipplied il ul ( ( 
was subjected to determination by testi H 
+ ll - acadits Tr ] et 9 
here still ema S additional Mundane al s¢ 
obtained and testing and coordination to be 
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Current Types of Gaskets and Closure, 


By Parameter 


STORY has been told concerning a Spanish peas- 
ant who had been hired to transport half a dozen 
small packages, weighing perhaps 30 Ib apiece. 

Thereupon he put all of them into one of the panniers 
upon his donkey’s back and presently noticed that the 
panniers had slipped and the load had changed position. 
After deep thought, he filled the empty pannier with 
stones, levelled the loads, mounted his beast and rode 
away contentedly. 

And it came to pass that a descendant of this man 
became an engineer who had been hired to design a high 
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Fig. 1—Foree diagram, standard ring type joint 


pressure autoclave. Thereupon he computed the bolt 
load due to internal pressure. After some thought, he 
added certain large amounts to this load in order to 
prevent any slipping away of pressure, made provision 
for extremely heavy flanges studded with alloy steel 
bolts, checked his computations, and sketched away con- 
tentedly. 

Manifestly, the implications of this story are without 
justification, unless supplemented by the presentation of 
factual data relating to improved designs and construc- 
tion. Accordingly I shall describe a number of types 
which indicate that the usual bolted joint construction 
is being largely modified or superseded by more reliable, 
more easily maintained, and more economical forms. 

Two forms of joints are in common use: The boiler 
manhole type and the ring type. 


Manhole Type Joints 


The manhole, or “internal cover,” type is applicable 
to and superior for many kinds of apparatus; for ex- 
ample, certain autoclaves and also feedwater heaters, es- 
pecially when high temperature, high pressure services 
are in question. Maintaining large bolted joints is a 
serious problem, as the rapid introduction of heat causes 
differential expansion between flanges and bolting. On 
the other hand if the manhole type is used, increasing 
internal pressure automatically increases the gasket pres- 


500 


sure and thus the internal pressure assists in seal 
so that all temperature swings will fail to impair 
inherent reliability of the joint. Nevertheless, in cert 
instances, manhole and handhole plates, fitted with s 
metal gaskets, have failed in service due to faulty des 
Bolts for such covers have two functions: (1) they 

be adequate to “bed” or cold flow the gasket sufficie: 
to assure a tight joint for the initial hydrostatic test 

they serve as fastenings in assembly. Bolting w 
will set a woven asbestos or a steel-asbestos gasket, 


as commonly used for low or medium pressure boi 


will make but slight impression upon the solid 
gaskets which are frequently specified for high press 
boilers (say 900 psi or higher), particularly when 
kets are wide. 

Designers should not overlook this useful type 
closure; and they should provide bolting, yoke or ° 
claw,” and gasket which are correct according 
neering principles and not selected in a haphazard 
ner from stock or a catalog. 


Ring Type Joints 


Ring type joints probably originated on the Ra 
where they were used on rising mains for water sup 
They are now a standby in oil fields as well as in pet 
leum refining; moreover, their use is expanding stea 
both in high temperature, high pressure steam p! 
and in various industries. 

The usual oval and octagonal cross-section rings 
now a standardized product, as witness the API Sta 
ards on Ring Joints for Steel Flanges and Flangé 
ions No. 5-G-3-1937 (which include 150, 300, 400, 6 
900, 1500 and 2500 Ib flanges) and the American St 
ard for Steel Pipe Flanges and Flanged Fittings, 116 
1939. A 4000 Ib standard is now proposed’ in whi 
flange dimensions for 4000 Ib, 900 F flanges and flanged 
fittings are “based on the ring joint, and this type ot 
is primarily recommended for the 4000 Ib standard.” 

A comparison of the tables of Service Pressure Rat 
ings for Carbon Steel Flanges and Flanged Fittings 
confine water, steam or oil, as given in ASA Blo6e-! 
shows that within the range of service temperatures 
low that for the basic or “primary service pressur 
ing,” higher pressures are allowed for ring joint facings 
than for standard facings. Furthermore, the tables 
Service Pressure Ratings for Carbon-Molybdenun 





Equivalent Alloy Steels at Temperatures of 1000 |! 

telow show “primary service pressure ratings” set at | 

900 F for standard facings, but at 950 F for ring jo! ' 
\ 


facings. At a service temperature of 100 F the rating 
for ring joint facings are 20 per cent higher than tor 
standard facings ; they are also higher, in proper pro | 
tion, throughout the temperature range between 1) ! \ 


and 1000 F. 


‘Standardization of Flanged Steel Products, Including Propose 
Standard, by A. M. Houser, Valve World, May-June, 1939 
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fhe usual bolted joint construction is being 
largely modified or superseded by more reli- 
-ble. more easily maintained, and more eco- 
ynomical forms. The author describes several 
of these current types of gaskets and closures 





Two methods (smooth forging and machining) have 


heen used to manufacture rings. They have been smooth 
forged out of various kinds of iron without any ma 
chine finish whatever. Sometimes after injury in serv 
ice they have been reconditioned by cold working, i. e€ 
squeezing between dies in a press or by “striking up” 


between drop hammer dies. 


Machined rings are made of various grades of 


steel 
nearly all other gaskets. The advantage 1s that the finely 
finished and accurate surfaces of both ring and groove 
provide the perfectly matching surfaces which will in- 
sure a tight joint with minimum gasket pressure. Fig. 

drawn to scale, shows that the pressure on one face of 
e ring? is equal to about 1'4 times the flange pressure. 
lests* have proved that for any given working pressure 
he ring joint requires less bolt load, and consequently 
imposes lower flange stresses than those required for 
similar sizes of joints with flat gaskets. Under heavy 
internal fluid pressures the ring tends to expand radially, 
ind thus to a certain extent it has self-sealing properties 


(,askets tor Pressure essels and Heat | <changers hy { {) Sar 
1 haewrnca and V etal raicai i ugimecrina, March, 1an4 ' 34 

I Ring Joint—Its Relative Merit and Application, vy | ( Petr 
ATIN Pirinc AND Atr Conprrioninc, April, 1937, pp. 21 2 


Fig. 2—Bellows gasket 
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l and such rings possess a particular advantage over 











Fig. 
} (right) Bellows 


rings, 1 


about 


' 
‘ 


ul 


+} 


section 


100 in 


troubles 


internal 


elastic 


further 


Refinery specifications frequently call for cal er 
i. €., rings with an iron-aluminu surface all 
0.01 in. thick, resistant to oxidat sulphu 
corrosion, and sufficiently ductile, due 1 thu 
ie aluminum alloy into the base ste be safe 
against injury to the protective surface the i 
is Clamped between flanges. In some o e rece! 
specifications, however, 18-8 stainless ste Ss sum 
seded the calorized rings 
There does not appear to be any reas li 
size of ring joints. I have seen rings wit! ross 
2 in. high and 114 in. wide, at \ { 
in diameter. 
The Bellows Type Joint 
In Europe a type of gasket new to us and known as 
the “bellows type” has been developed to overcom t 
whether due to differential expansion cause 
by rapid swings of temperature ort creep stresses 1 
flanges and bolts. It is said that this tvpe was originate: 
by the German dye industry and has also been used in 
German chemical plants. It was illustrate: the Firs 
Report of the Pipe Fianges Research Committee,* whicl 
states that the ring should be so designed that a conta 
pressure at least equal to and dependent solely on th 
pressure, should be the optimum sought, wit! 
the result that “it would not be necessary store reserve 
strain in the bolts, therefore the initial stress i 
the bolts could be very considerably reduced.’ It was 
stated: “There was nothing novel in this form 
of joint ring, it was simply another application of a1 
old idea...” 
‘igs. 2, 3 and 4 illustrate, respectively, ring, lens, and 
| ¢ luded n page 50 
blished by the Ir tion of Mechanica F Si G 
me’s Park, Londom, S. W. 1, Fe 193 
501 
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gasket with solid 





3 (left)}—Bellows gasket with lens ring . 











profile ring 




















he Heating Practices 


of 


onsulting Engineers 


By Samuel R. Lewis* 


HE practice of engineering, in its final analysis, 

is seeking the truth. The practice of consulting 

engineering in this office may be resolved into the 
procedure of determining the facts concerning a project 
and then in making the prescription fit the facts. 

The minimum equipment required for the practice 
of engineering consists of a knowledge of methods and 
materials with their ranges of usefulness and their lim- 
itations, an appreciation of economics, and an applica- 
tion of judgment—sometimes referred to as “horse 
sense.” These same general requirements may be speci- 
fied as essentials to the conduct of any business, but 
in the practice of engineering they have a particular 
importance. The independent engineer who adapts the 
project and the instruments of service each to the other 
performs a useful service, the benefits of which accrue 
both to the owner and to the manufacturer. 

Recently we were asked by the authorities in West 
Virginia to advise whether unit ventilating machines or 
central fan heating systems should be used for some 15 
different new school buildings to be built throughout a 
county. It appears that in West Virginia (which always 
has been unconventionally independent anyway) they 
have eliminated the separate school board of horse and 
buggy and mud road days for every little school house. 

Our advice was that no single answer could possibly 
be given, but that the type of equipment for each sep 
arate school must be decided on its merits. The type of 
fuel available, the sort of janitor or fireman service, the 
possibility of future additions, the height 
above the ground of the first story, and 
several other items, all aid in arriving at 
a decision as to which type of plant would 
be best for each building. 

One large state university has forced 
hot water heating from its central plant, 
the circulated hot water acting as a con- 
densing medium for the exhaust steam 
from the turbines which drive the electric 
generators. Therefore, we designed the 
heating plants for the new buildings to 
employ hot water. Another large state uni- 
distributes exhaust steam to the 


versity 
buildings, with electric vacuum 


various 
pumps in each building and with conden- 
sate return pipes thus under pressure. 
Therefore, we must use steam in these 


*“Consulting Mechanical Engineer Member of Board 


of Consulting and Contributing Editors 


The oil burning boilers at a manu- 
facturing plant in La Crosse, Wis. 





buildings. In another case. the on] 
able water for steam making pur 
objectionable because of extreme ha 
Since there was no particular need fi 
we used forced hot water, with spec 
fling arrangements within the very | 
burning boilers to insure mechani 
duced circulation of the water over 1 
absorbing surfaces. The results in et 
were surprisingly good, involving 
in fuel in a very large, completely v: 
school of well over 16 per cent as co 
with a duplicate steam heated schoo! 
same city during the same season. We are ol 
with great interest the comparative life of boile: 
return pipes and the like. 

In another case of a complete air conditioni: 
tem, the copper finned convectors first touched 
entering air necessarily must have a very hig 
transmitting efficiency in summer, when the wel 
used is only a few degrees colder than the all 
convectors would freeze too easily and quickly 


IS Ss! 


ter, since the waterways are very small. Th 
was met more or less satisfactorily by circulatir 
in winter carrying a percentage of ethylene gly 
by storing this liquor in barrels during the summe: 


the well water used for cooling was wasted. 


\ similar plant, designed more recently, was art 


for reversing the water circulation by manipulat 
valves near the pump, so that in winter the 
water enters the side of the convectors which is 1 
by the coolest entering air and so that in sum: 
coolest water enters the leeward side of the cor 
Occasionally we meet unusual conditions, as 
ings below flood water level on the Ohio Rive 
situation has been met successfully by placing 
or gas burning boilers and heating mains i 
stories or attics of buildings, with easily rem 
heaters for the lower stories. Forced circulati 


water lends itself admirably to this sort of servic 
heaters, using either steam or hot water or d 
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, Warmed air in introduced to this classroom 
through slots along the floor under the win 
dows. This scheme is typical of some 50 rooms 


| 
, in the Toledo, Ohio, schools and a museum 
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ed May 2, 1939: “O 
wikia ties ? 
4 . 1939. at e price 0 ce 
: lo vas Vv ( Ss? 
last s eC { ( , 
thar 
Vcal I iki ye 
S? (1) S? S500 
» lal Lid > 
pated cleanliness ( 
the reduction un s 
insulation and the a 
S lmposs hle to es 
evidently the pra ( I 
ng the ether ‘ 
1s be ( sect ( ( 
care W cl \ uld he ( ‘ 
eas, practically have superseded pipes or radiators for r we did not sufficiently evaluate the benef 
eating conventional industrial plants sulation We were embarrassed by | 
Our practice in approaching the heating or cooling fuel cost of $2.500 against our estimate of $6,000 
any building 1s to bring to bear a considerable pres we are glad to bear red faces when our clic 
sure on the owner to make the structure easy and eco shine 
nomical to heat or to cool Sometimes this leads to 
interesting results, though they may be embarrassing 
k instance, for a large elevator manufacturing plant, Gasification of Coal 
rmerly equipped with coal burning unit heaters scat 
tered around between the machines, we estimated that High pressures may someda throug 
. forced hot water unit heating system with boiler hous« used on a large scale by the manutacture 
chimney would cost $40,000. If the roof and ce: ndustries of the country, to th mutual advantag 
walls were to be insulated, the heating plant would Such is the prediction made in a t hnical rey 
cost $8,000 less and the insulation would cost $7,000 Bituminous Coal Research, Inc., on Possibil 
(he annual fuel cost, with the building unmsulated, earch in the Gasification of Coal, by ¢ \. Barnes 
would be $4,000, dropping to $2,700 with insulation engineer at Battelle Memorial Institut 
Thus the insulation would be paid for in a few years the report, statistics show that, despite the le 
by the fuel saved. distribution of natural gas in recent years, the 
We found that natural gas was available. With gas trend is toward an increased demand fo inutactu ; 
burning unit heaters no boiler house or chimney art gas 
needed, the piping is much smaller, and no pipe insula Dr. Barnes states that improved gasification proc 
tion is required. The gas burning plant therefore was possibly employing high pressures to obtan 
stalled, at an investment price of $10,000 with con alorific value without the use of oil for enrichment 
plete automatic control, to maintain 50 F. We esti of equal interest to the gas utility and the coal produ 
mated that the annual cost of gas, at 50 cents per thou and research on the subject merits the 
sand cubic feet, would be around $6,000—justifiable on That the prediction made in the report 
account of the accompanying reduction in investment dream” is evidenced by recent reports f1 
lor heating and ventilation from about $40,000 to $17,000 which state that “ results obtained indicate th 
$10,000 for heating and $7,000 for insulating th bility of gasifying at these high pressures a large 
building ). tion of what has been regarded as the fix 
oal in the orn Il a gas ( I etl ( 
il c value 
lt is proposed to publish, from time to time. : 
brief discussions of the heating practices of rep- Promote Use of Coke 
resentative consulting engineers. In its final a Te Te ea: 
analysis, the practice of engineering is seeking aldnes UL TT AEE ITN ' 
the truth and the practice of consulting engi- Atipuaar dsr od, wlan BS 
neering may be resolved into the procedure of oahis24 Chega’ s2 wh > eg ' : 
determining the facts concerning a project and of complete gasim a, oe ce | “4 u 
then making the prescription fit the facts. . . . has often been ed by th u ose 
lt is the aim of these informal discussions to coke. For this reason, the report says, the coal 
show how such prescriptions have been written should coéperate with the manutactured gas 1 
entities promote the use Of COKE 
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for Moody Bible 


By J. A. 


/ 
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NY-ACETYLENE welding assures permanent 

tightness of the 1985 ft of piping for the vacuum 

type steam heating system in the new 12 story 

administration building of the Moody Bible Institute, 
Chicago. 

Steam for the system is supplied as exhaust from 14 

There the 


in. exhaust headers in the engine room. 


steam is originally produced at 200 Ib per sq in. and 





Detail of distribution system in the 8th floor. Fif.- 
teen field welds are included in this section of piping 


used for generating electricity. The exhaust steam is 
piped through a tunnel to the basement of the admin 
stration building one-half block away. Here an 8 in. 
line rises to the 8th floor ceiling from which point the 
steam is distributed throughout the building by means 


of a combination down- and upfeed vacuum system. 
Fabricating Fittings 


Since the piping was of a nature which readily lent 
itself to complete assembly and installation on the job, 
its layout was designed on that basis. Most of the. special 
fittings and bends were designed with mitered joimts and 
the templets necessary for this work were all carefully 
laid out and prepared before work was started. 

Although machine beveled piping was used throughout 
the system, all fittings were fabricated and beveled by 
means of the oxy-acetylene cutting blowpipe. The parts 
for mitered turns and bends were cut from standard 
pipe. Once the chalk mark was made on the pipe, with 
the proper templet as a guide, it was a simple matter to 
shape the part with the cutting blowpipe. In each case, 
a true mitered cut was produced by holding the blow 


Process Service, The Linde Air Products C: 


*Supervisor 
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Welding Assures Tight Piping System 
nstitute’s Building 


Hudson* 


pipe flame directly in the plane of cut. After 
with the blowpipe, the parts were welded toge 
that the entire turn or bend was completed befor 
incorporated in a unit section. 

Unit sections of a size suitable for convenient | 
were assembled by welding close by the points 
lation. These sections were each raised into 
and tie-in welds were made. This procedure 
erection and permitted the amount of scaffol 
quired to be reduced to a mimimum. In _ fact 


the tie-in welds were made from a lad 


| 
iT 


Pipe anchors and supports, as needed, wer« 


cated with the oxy acetylene blowpip on the 


of these supports can be seen close to th 
horder of the accompanying illustration. Wit 
variety of designs from which to choose, it was 
to make each individual anchor and support 
and rigid as its location demanded, using a min 
metal and a minimum of time Many odd le: 
scrap pipe were used for this purpose. 

All of the 443 welds re quired In installing 
various diameters 


system were made on 

follows: 

Pipe Diam., IN Pipe Leni I ) 
14 20 
10 210 
g 10 
6 220 
5 190 
$ 140 
} 50) 
2 tO5 


Because of corrosive conditions, wroug 
used for the hot and cold water lines, cold wat: 
tank, and surge tank. 

Thielbar and Fugard were the architects, a 


tractors were Thos. J]. Douglass & Co 





Copper Mine Extends Air Conditioning 


Extension to the 4000 ft level of the air « 
system which made the Magma Copper mince 
\riz., the first mechanically air conditioned 1 
Che pre 
conditioning extended to the 3600 ft level 

Centrifugal type refrigerating machines wi! 
for the cooling. Water will be taken from 
now on the job and sprayed through a tunnel 


United States, has been announced. 


from the mine then will be taken from an up 
and blown through this fine spray to cool 
This air cooled condenser water is returned 
lecting tank and used for condensing in the tv 
ugal refrigerating machines installed on the 360 


Heatinc, Prrinc anp Ar Conpitronine, A! 














temperatures 


All tabulated values (except 
ABSOLUTE , 
HuMIDITY VOLUME 
Dry VoLUME Hum 
~ps | Grarns | Arr | INCREASE ID 
Cr or Humip | Spt 
Fr AIR cIFK 
Per Cent! Heat 
‘ ) 6 
0001514 1.060 (13.76 0 02434) 0.2401 
1001603 1.122 |13.79 025 2401 
0001698 1.189 |13 &3 02730 401 
001798 1.258 |13. 86 02890 401 
101903 1.332 {13.85 03059 401 
» 0002012 1.408 |13.93 ) 03235) 0 2401 
0002129 1.491 |135.%¢ 03423 2401 
0002251 1.576 |13.9 034619 401 
0002381 1.666 |14 02 O38? 401 
02514 1.760 |14. 06 04042 2401 
1002658 1.861 (14. 0 04273) 0.2401 
028 1 ¢ 14.1 04513 2401 
00029 O73 |14.1¢ 04761 401 
Mw3128 190 |14.1 05029 401 
10329 310 (14.22 05304 2402 
03480 2 43 14 oS53595| 0 2402 
3671 > 570 |14 05902 »402 
MMAR)? , 11 14 3 06775 402 
14080 RSE 14 5 06559 402 
000429 ; oo 14 39 069011 »40) 
10045 30 $71 14.42 0 07783 O 2402 
04772 3} 341 |14 45 076 402 
000802 4 3 516 (14 48 Os 5 »402 
1S 286 3; 700 14.5 08499 402 
1005566 3.896 14 55 08949 403 
) OOOSRSS 4 09 14.58 0 09410) 0.2403 
000615 4.310 |14 61 QOR9O8 403 
00064 4 533 14 65 1041 2403 
N68 4.765 |14 68 1004 403 
woris 5 OO 14 1 1149 2403 
mn ) 5 264 |14 1200 | 0.2403 
9007 8 5.526 j14 78 1269 404 
OR 208 808 (14.81 1334 404 
108 6 094 |14 84 1400 2404 
009 1 396 |14. 88 1469 404 
mo | 14 91 154 0.2404 
1 4c 14 4 1618 405 
1 700 [14 98 { 405 
1108 53 515 oO} i781 405 
WI & 13 1S 04 1868 405 
Rg 519 (15 ) 19 0 2406 
1275 8 925 |15.11 050 406 
LU RRS > 351 15.14 148 406 
11400 9.797 |15.1 sO 2406 
14 1 ? 15 0 358 240 
m1 if 15 4 468 0. 240 
1606 11.2 15.2 SR3 40 
wW16s 11 7 15.30 03 2408 
wi7s 1? 31 15 34 7278 »408 
W184 12.89 (15.3 960 408 
1 13.4 15.40 » 3005 0.2409 
w201 14.10 15 43 32390 »409 
W210 14.74 115.4 3 IRS 410 
17199 18 30 is so 1S %¢ 410 
2301 16.11 15 5 3699 2410 
002404 16.83 15.5 0 3865 0.2411 
2516 17.5 15.60 4036 411 
, I 18.35 [15.63 $214 2412 
y 19.16 15 6¢ 4401 2412 
, 20 O01 15.70 4596 2413 
, 83 20 88 is ; 0 4795 0 2413 
3114 1 80 115.76 500 2414 
42 " 4 1s 9 5222 415 
338 3 72 15 83 $449 415 
24.75 15.86 S683 2416 
° : 2s ? 15 89 0 5923 0 241 
S44 6.91 15.93 6180 241 
oe: PB O04 15 %¢ 6440 418 
: 09.22 15 99 6710 2419 
: 30.45 16 02 6993 2420 
31 ; 16 O¢ { 2 0 2420 
33.06 16.0 504 2421 
M4 4441 16.12 901 2422 
55 86 16. 1¢ R733 2423 
37 34 16.19 R575 2424 
5.5 16.22 0 8926 0.2425 
0.4 16.25 0.9294 2426 
. 42.13 16 29 0 9671 242 
43.84 16.32 1.00 ?428 
45.61 (16.35 1.047 2429 
ane Mem!x ; 1 of 
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Barometric Pressure 23 In. of Mercury 
quantities 


LOG lu 
‘ 
0.1606 
1700 
180? 
190 
2019 
| 
0.2135 
?2?59 
IRR 
526 
66 
4) a0 
rOTR 
$142 
3310 
3501 
o $69 
805 
4108 
4320 
$561 
0 4806 
StU 
<3 
S609 
SOU 
0 6210 
652? 
6R71 
R¢ 
0 78 
Rive 
R804 
Pai 
694 
1.018 
1 O68 
1.120 
11 
1 $3 
1.291 
1 353 
1 41 
1 485 
1.556 
1.629 
1 04 
1 4 
1 &6 
1.9053 
> 042 
> 13 
35 
? 434 
2 441 
? S51 
? 664 
> TRI 
2.904 
$033 
3.164 
+ 304 
+; 446 
+ 596 
3; 751 
+. 909 
4.078 
4250 
4.429 
4.615 
4 809 
5 o12 
Ss 715 
5 3s 
5 660 
5 901 
6.135 
6.386 
6 645 
6 913 
( onsulting 
The tabulat 
AUGUST, 


and 

ENTH 

Heart Ce 
WATER 
VAPOR 


Brt 


nv 


$281 


Sk06 
Oo 617" 
6493 
6834 
186 
0 144 
R345 
8 4 
Ww 
670 
1 oO 
1 066 
1.119 
1.174 
1 -! 
1 1 
1 353 
1.419 
1.48 
1.559 
1 63 
1 ov 
1 29 
1.873 
1.961 
> O51 
148 
J 246 
> 346 
2.456 
? 56 
>» 6R? 
> gO? 
> 9? 
+ 55 
4.191 
3 344 
3.479 
+ 631 
+. 789 
3.9051 
4.123 
4 »99 
4 481 
4.672 
4 270 
5 o78 
5 2728 
5 513 
5.744 


5 oR! 
6.231 
6.488 
6 $4 
030 

7 ntr 
— > 


1939 


pressures) are 
ALPY ABSOI 
INTENT 
Alr- emp 
VAPOR De PouN 
Mixture || Pane 
Brt 
n 
Q 1 , 
» 442 1) 10 006 8 
» 1903 41 007048 
8 943 42 007330 
R 692 3 007619 
8 441 44 007920 
g 190 ‘ 0 OOB2 
; 16 OORSSR 
685 rt OORROI 
431 48 009239 
1 49 0095 0¢ 
f 1) (mp ‘.u 
6 66« 1 0103 
6.410 $2 010 
6.152 ‘ O11 
R04 ; 01159 
5 63 0 0120 
S 375 01248 
$s 113 01295 
4 851 8 01344 
4; SRS ) 01393 
4 324 oO 0.01445 
4 O58 61 01498 
3 2 01554 
3 523 63 01612 
; 64 01670 
> One » Ol 
11 as 01794 
43 1860 
161 8 0192 
1 88 ¢ 19 
1 oie 02068 
1. 326 O2141 
1 043 02218 
0 S91 ’ 0 
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Properties of Mixtures of Air and Saturated Water Vapor 


for Barometric Pressures from 22 In. to 32 In. of Mercury 
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Properties of Mixtures of Air and Saturated Water Vapor— (Continued) 
Barometric Pressure 23 In. of Mercury 





\ll tabulated values (except temperatures and pressures) are quantities per pound of dry air in the mixture 
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ABSOLUTE Qinéencin " | 
Humipiry OLUME x (Heat Conrent) 
Temp | Dry| Votume | Hum | Warer | Arr 
Dec | Pounps | Grarns | Arr | Increase | ID | 106lw~ | Vapor | Vapor 
PAuR Cu | or Humip | Spe- | Brt | MIxTuRE 
| Fr AIR | CIFIC Bri } 
| Per Cenr| Heat | 
t | d Tp a hy h 
“an we ee eG 5 ae 8 9 
120 |0.1100 | 770.0 19 O1 17.63 0.2895 116.71 122 51 151 31 
121 1137 795 6 19 04 18.21 } .2912) 120.59 126.63 155 67 
122 1174 | 821.9 19 07 is 8&1 2928 124.57 | 130.85 160 13 
123 1214 | 849.5 19 11 19 44 | 2946) 128.75 135 29 164 81 
124 1254 | 877.8 19 14 20 09 2964 133.05 139 86 169 62 
125 [0.1296 | 907.2 19.17 20.76 0 2983) 137.51 | 144.61 | 174.61 
126 1340 937.7 19 21 21.45 3003 142.12 | 149.52 | 179.76 
127 | .1385 969 2 19.24 22.17 $023; 146.91 | 154.60 185 .08 
128 | 1431 |1002 i) 19.27) 22.92 3044) 151.87 159.89 | 190 61 
129 1480 {1035 8 19 30 23.70 } $066] 157.00 165.34 196.30 
| | i 
130 |0.1531 }1071.6 j19. 34) 24.50 | 0 3089) 162.42 171.13 202.33 
131 1583 1107.8 19.37 25.33 | 3112; 167.91 176.98 208 42 
132 1635 1144.6 19 40] 26.18 3136) 173.50 182.93 214.61 
133 | 1692 |1184.1 19.43} 27.08 3161/ 179.47 189.30 221.22 
134] .1750 /1224.9 19.47) 28.00 3187| 185.65 195.89 | 228.05 
135 |}0.1810 11266.8 1/19 al 28.97 0 3214! 192.01 202 .67 235 07 
136 | .1872 }1310.3 }19.53 29 96 3242 198 61 209 71 242 35 
137 | .1937 1355.9 19 57) 30.99 $272} 205.52 217.10 249.98 
138 2006 = 1403.9 19.60 32.08 $303} 212.78 224 86 257.98 
139 | .2075 11452. 6 19.63 33.19 3334) 220.17 232.74 | 266.10 
140 |0.2148 }1503.5 19. 66) 34.35 0.3367] 227.88 240.98 | 274.58 
141 2223 j1556 0 19 70) 35 56 | 3400 235.85 249.50 | 283.34 
142 2303 1612.3 19.73) 36.83 3437) 244.38 258.62 | 292.70 
143 2384 1668 9 19.76 38.14 3473| 252.96 267.79 302.11 
144 2470 }1728 S 19. 80) 39.50 | S11) 262.04 277.48 | 312.04 
145 |0.2559 1791.3 19 asl 40 93 0.3552 271.51 287 .66 322.46 
146 2653 1857.3 j19 86 42.42 3594) 281.52 298.36 | 333.40 
147 | .2750 11925.3 1° 89) 43.96 3638; 291.82 | 309.39 | 344.67 
148 2852 1996 5 19 93 45 58 3684; 302.62 320.96 356.48 
149 958 |2070.5 19 96 47.27 | 3731) 313.83 | 332.97 368.73 
| | 
150 |0 3070 2148.9 19 99 49 05 0 3782 325.72 | 345.70 | 381.70 
151 3186 §©= | 2230.3 20.03 50 91 $834) 338.05 358.91 395.15 
152 3304 2312.8 20 06 52 84 i 3887 350 55 372.33 408 81 
153 3436 2404.9 »0 09 54.88 3946 364.51 387.28 424.00 
154 3569 2498 4 |20.12 57.00 | 4006) 378.68 402.49 439.45 
| | | 
155 \0.3711 2597.4 120 16 59 26 0 4070 393 69 418.59 455.79 
156 3858 2700.6 120.19 61 61 | 4136) 409 33 435 41 472.85 
157 | .4012 |2808.1 |20.22| 64.06 | .4205| 425.62 | 452.90 490 58 
158 4176 2922.9 |20.25 66.67 4279| 443.03 | 471.59 509.51 
159 4347 3043.0 |20 29 69.40 4356) 461.23 491 14 529 30 


Low Rent Housing— 
[Concluded from page 496] 


should show this when the steam flow varies less than 
20 per cent (10 per cent above and 10 per cent below 
the average demand) in an interval of 20 min. 

The heating system must be tight enough so that a 
15 in. vacuum produced on a cold system will not be 
reduced to less than 10 in. within 60 min after the pump 
has been stopped. 

The heating system must circulate noiselessly and each 
radiator must heat throughout to the trap with a pres- 
sure differential range of 2 in. to 6 in. of mercury be- 
tween the steam supply and the return. 

Furthermore the control system must be capable of 
preventing overheating within the range of temperature 
of 75 to 68 F. 

Zone control valves should be located so that each 
valve will have about the same steam demand. The 
variation should not exceed 10 per cent. 

Risers: When exposed in rooms, should be considered 
as heating surface. 

Supply and Return Mains: Should pitch down and be 
free of pockets, sags or lifts throughout their entire run. 

Complete suggested specifications may be had upon 
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ABSOLUTE | ‘ I 
HvuMIDITY | VOLUME Hea 
| Temp Dry! Votume Hum Watt 
Dec | Pounps | Grains | Arr | INCREASE Ip 106 1% Var 
FAR |} Cu | or Humip | Spe Brt 
Fr AIR CIF 
Per Cent! Heat 
f u D . ay 
1 2 3 i 4 5 6 7 8 
160 0. 4529 3170 5/20 32 72.30 0 4438 480 56 Sit 
161 4721 3304 5/20 35 75.34 | 4524 500.87) 533 
162 4925 $447 2\20 39 78.59 | 4616 $22 49) 556 
163 5139 3597 .1}20. 42) 81.99 | 4712 $45.22) 581.44 
164 | 5367 3757.1/20 ‘S| 8S 64 | 4815 569 47| 607 4 
| | 
165 0.5609 3926 2l20 48) 89 48 0.4924) 595 09] 635 ( 
166 5868 4107 6/20 52) 93.60 j 5041 622 5Y| 664 « 
167 6142) 4299 1/20 55 97 95 | 5164 651.62) 695 
168 | 6436) 4505.5/20.58| 102.6 | 5296 682.90) 729.50 
169 | 6748] 4723.8|20.62| 107.6 | oan 715.99] 765.1 
170 0.7085 4959 .6/20.65| 113.0 | 0.5588 751.73) 803.5 
171 7444, 5210.9/20.68| 118.7 5750] 789.83) 844 ¢ 
172 7834) 5483.6/20.71| 124.9 | .$925) 831.16) 889.1 
173 8253 5776.9|20.75} 131.5 | 6114 875.61) 13 
174 8708) 6065 3/20 78) 138.7 6318 923.88) oR0 ( 
175 0.9199) 6439 alse 81 146.5 0. 6540 976.00) 1045 
176 0.9736) 6815 5/2084 155.1 6781 1033.0 1106 
177 1.032 7185 4/20. 88 164.4 7045 1095 2 1173 
178 1.097 7675.5|20 91) 174.6 334 1163.4 | 124 
179 1.167 | 8171.8)20.94) 185.9 653 1238.6 | 1328 
180 | 1.246] 8,721.3/20.98| 1984 | 0.8007} 1321.9 | 1418 
181 | 1.333 | 9,331.7/21.01} 212.2 8399 1414.4) 151 
182 | 1.431 10,016 |21.04) 227.7 8839 1518.2 | 162° 
183 | 1.541 | 10,786 j21 07 245.2 9334 1634.8 175 
184 1.666 | 11,661 21.11) 265 0 OR97 1767 5 1898 
| | | 
185 | 1.809 | 12,662 121.14) 28 1.054 1919.2 Or 
186 1.974 | 13,816 21.17) 313.9 1.128 2094 1 i 
187 2.166 15,163 21.21 $44 5 1.215 2298 2 471 
188 | 2.394] 16.755 /|21.24| 3206 Se 2539 5 | 2731 
189 2.667 | 18,672 |21.27! 424.0 | 1.440 2830.1 3045 4 
| 
190 3.001 | 21,009 21.30 477.0 1.591 3184 4 ‘4 
191 3.419 23,934 21.34 543 4 i 9 3627 3906 0 
192 3.9055 27.687 21.37 628 6 2 020 4196.6 $520 1 
193 4 672 $2,704 (21.40) 742.2 » 342 4957 0 | 5341 
194 5.674 $9,715 21.43 901 3 2 793 6019.6 | 6488 
195 7.172 $0,207 271.4 11390 2? + 468 609 9 8205 
196 9 663 67.643 21 50) 1534.7 4 580 10253 1095 
197 | 14 62 102,333 21.53) 2321 0 6 81° 15511 i¢ 4 
198 | 29 25 204,715 21.57| 4642 4 13.40 31029 $348 
199 111.40 779.870 21 60} 17682 50.3 118206 127¢ 
200 1 63 


application to the United States Housing Aut 
Washington, D. C 
[The appendix on fuel consumption formulas is t < 


lished next month. | 





Gaskets and Closures— 
| ¢ oncluded from page 501] 


profile type bellows gaskets. Referring to Fig. 2 
ring type gasket, held in circular grooves, consists 
symmetrical halves in contact in a plane at right ang 
to the pipe axis and united by peripheral welding. R 
grooves cut across the contact surfaces admit fluid 
steam pressure into the bellows, the pressure being | 
tially taken up by the outer wall of the bellows a1 
tially added to the bolt pressure exerted upon the gas 
surfaces in the usual manner. 

If P is the unit fluid pressure, then the force 
pressure within the bellows (see Fig. 2) is 
P (D* — d*) x/4. It is obvious that the bellow 
a pocket and that proper arrangements have to 
for drainage. 

[Other types are to be described in a second arti: 
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ATLANTA: Organtsed, 1937. Headquarters, Atlanta, Ga. 
Meets, First Tuesday. President, C. L. Temptin, 348 Peachtree 
St. N. E. Secretary, T. T. Tucker, 260 Peachtree St., N. W. 


CINCINNATI: Organised, 1932. Headquarters, Cincinnati, 
O. Meets, Second Tuesday in Month. President, H. E. Sprout, 
1005 American Bldg. Secretary, W. H. JUNKER, 6068 Dry- 
den Ave. 


GOLDEN GATE: Organized, 1937. Headquarters, San Fran- 
cisco, Calif. Meets, First Tuesday. President, G. M. Stmonson, 
74 New Montgomery St., San Francisco, Calif. Secretary, G. J. 
CummMincs, 113 Tenth St., Oakland, Calif. 


ILLINOIS: Organized, 1906. Headquarters, Chicago, IIl. 
Meets, Second Monday. President, J. R. Vernon, 1355 Wash- 
ington Blvd. Secretary, M. W. BisHop, 228 N. La Salle St. 


IOWA-NEBRASKA: Organized, 1937. Headquarters, 
Omaha, Neb. Meets, Second Tuesday in Month. President, 
W. R. Wuire, 4339 Larimore Ave. Secretary, Henry Kern 
KAUF, 1726 St. Mary’s Ave. 


KANSAS CITY: Organized, 1917. Headquarters, Kansas 
City, Mo. Meets, Second Monday in Month. President, A. L. 
MAILLARD, 3740 Washington St. Secretary, C. A. FLARSHEIM, 
P. O. Box 56. 


MANITOBA: Organized, 1935. Headquarters, Winnipeg, 
Man. Meets, Fourth Thursday. President, G. C. Davis, 307 
Power Bldg. Secretary, IVAN McDOoNaALp, 501 Ryan Bldg. 


MASSACHUSETTS: Organized, 1912. Headquarters, Bos- 
ton, Mass. Meets, Third Tuesday in Month. President, H. C 
Moore, Massachusetts Institute of Technology, Cambridge, Mass. 
Secretary, C. M. F. Pererson, Massachusetts Institute of Tech- 


nology, Cambridge, Mass. 


MICHIGAN: Organized, 1916. Headquarters, Detroit, Mich. 
Meets, First Monday after the 10th of the Month. President, 
W. C. RanpDaALL, 2250 E. Grand Blvd. Secretary, W. H. O1p, 
1761 Forest Ave., W. 


WESTERN MICHIGAN: Organized, 1931. Headquarters, 
Grand Rapids, Mich. Meets, Second Monday in Month. Presi- 
dent, C. R. McConner, 1904 Waite Ave., Kalamazoo, Mich. 
Secretary, W. G. ScuticutTine, 1417 W. Lovell St., Kalamazoo, 


Mich. 


MINNESOTA: Organized, 1918. Headquarters, Minneapolis, 
Minn. Meets, Second Monday in Month. President, F. C. 
WINTERER, 300 Broadway, St. Paul, Minn. Secretary, H. M. 
Berts, 213 City Hall, Minneapolis, Minn. 

Headquarters, Montreal, 
H. Larrotey, CPR 
JoHNSON, 630 


MONTREAL: 
Que. Meets, Third Monday. 
Windsor Station, Rm. 401. 
Dorchester St., W. 


Organized, 1936. 
President, a 
Sec retary, .. W. 


NEW YORK: Organized, 1911. Headquarters, New York, 
N. Y. Meets, Third Monday in month. President, O. O. Oaxes, 


119 Oakridge Ave., Summit, N. J. Secretary, T. W. R: 
100 Pinecrest Dr., Hastings-on-Hudson, N. Y. 


WESTERN NEW YORK: Organised, 1919. Headg . 
Buffalo, N. Y. Meets, Second Monday in Month. Preside, 
L. P. Saunpers, 507 Pine St., Lockport, N. Y. Sec» 

C. ScHarer, 45 Church St., Buffalo, N. Y. 


NORTH CAROLINA: Organized, 1939. Headquart: 
Durham, N. C. President, R. B. Rice, University of North Ca; 
lina, Raleigh, N. C. Secretary, T. C. Cooke, 400 E. |} 
St., Durham, N. C. 


NORTHERN OHIO: Organized, 1916. Headquarters, 
land, O. Meets, Second Monday in Month. President 
Jones, 448 Terminal Tower. Secretary, C. M. H. Kar 
3030 Euclid Ave. 


OKLAHOMA: Organised, 1935. Headquarters, Oklahom: : 
City, Okla. Meets, Second Monday. President, A. A. H i 


213 W. First St. Secretary, S. L. RoLtanp, 321 N. Harv 


ONTARIO: Organized, 1922. Headquarters, Toronto, | 
Meets, First Monday in Month. President, H. D. Henton 


1 


Davenport Rd. Secretary, H. R. Rorn, 57 Bloor St., \W 


PACIFIC NORTHWEST: Organised, 1928. Headquarter 
Seattle, Wash. Meets, Second Tuesday in Month. Presiden: 
R. O. Westey, 334 Boren Ave., N. Secretary, H. T. Grirs 
324-1411 4th Ave. Bldg. 

PHILADELPHIA: Organised, 1916. Headquarters, P} 
delphia, Pa. Meets, Second Thursday in Month. President 
R. F. Huncer, 220 South 16th St. Secretary, Eowyn 
560 North 16th St. 


PITTSBURGH: Organized, 1919. Headquarters, Pittsburg 
Pa. Meets, Second Monday in Month. President, R. A. Mi 
2200 Grant Bldg. Secretary, T. F. Rockwe.r, Carnegie Inst 


Headquarters, St. Louis, M 
President, R. J. Tenxe 
Boester, 101 FE. Essex 


ST. LOUIS: Organized, 1918. 
Veets. First Tuesday in Month. 
3650 Shaw Blvd. Secretary, C. F. 


wood. 


SOUTHERN CALIFORNIA: Organized, 1930. Headquarter 
Los Angeles, Calif. Meets, Second Tuesday in Month. Pr 
J. F. Parx, 1234 S. Grand, Los Angeles, Calif. Secret 
WeLLs, 206 W. Shorb St., Alhambra, Calif. 


) 


NORTH TEXAS: Organized, 1938. Headquarters, \% 
Tex. Meets, Second Monday in Month. President, C. L. Kr 
Jr., 4209 Shenandoah Ave. Secretary, L. S. Gilbert, 131 
sank Bldg. 


SOUTH TEXAS: Organised, 1938. Headquarters, Colles’ 
Station, Texas. President, R. F. Taylor, 911 Bankers Mor 
gage Bldg. Houston, Tex. Secretary, W. H. Badgett, Te 
Engrg. Experiment Station, College Station, Tex. 


WASHINGTON, D. C.: Organised, 1935. Headquarter 
Washington, D. C. Meets, Second Wednesday in Month 
dent, T. H. Urpant, 726 Jackson Pl., N. W. .Secreta 
LouUGHRAN, Jr., 4513—49th St. 

WISCONSIN: Organized, 1922. Headquarters, Milwaukee 
Wis. Meets, Third Monday in Month. President, D. \V. N® 


. ° ° ° Tr 
son, University of Wisconsin, Madison, Wis. Secretary, ! M 
Hucuey, 906 N. Fourth St., Milwaukee, Wis. 
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Heating Low-Cost Homes 


By Robert K. Thulman,* Washington, D. C., and L. 


a paper, The Scientific Approach to the Housing 
Problem, by Vannevar Bush, formerly dean of en 
and now president of Carne 


.\ 


gineering at M. I. T. 
vie Institute, Dr. Bush says, “In our enormous country 
with its wide range of climate, methods of construction, 
and habits of the population, no single striking solution 
{ housing) is evident or should reasonably be ex- 
pected.” While this statement is particularly pertinent 
to the heating problem, it should not mean that solutions 


{( 


to the problem could be made without regard to some 


rather fundamental considerations. It is the object of 
this paper in part to present some features upon which 
a substantial agreement should be reached. These gen 
eral questions, if resolved, can serve as guideposts which 
should lead to commendable contributions by those in 

terested in the several phases of heating. 
The scope of this paper is limited to a discussion of 
In this field the home 


wner is least protected by adequate specifications and 


the heating of low-cost homes. 
architectural and engineering advice. In this range the 
perative-builder finds it advantageous to avail himself 
of every opportunity to save money, frequently at the 
expense of quality. 

The potential number of low-cost homes yet to be 
built warrants considerable thought in every phase, esp« 
ially, it is believed, in the question of heating. The 
pportunity for constructive development and profitable 
business should be a vital consideration of every person 

manufacturer engaged even remotely in the manufac 
ture and design of products which enter into residential 
heating. Thus there exists a situation wherein a great 
held for new business and new development is offered 
ind wherein there is a comparatively small amount of 
protection for the consumer. 

By low-cost homes is meant, for the purposes of this 
paper, those homes intended to be occupied by families 
These homes 
They may cost $1000 or 
In other words, the first cost is not the criterion, 


with an income of less than $2000 a year. 
may be owned or rented. 
$5000. 
but the success of the undertaking will ultimately be 
judged by the ability of the income group for which the 
housing was designed to continue to occupy that hous 
ng. The simple fact is that out of the yearly income, 
mong other things, the cost of shelter, including the 
ost of heat, must be afforded. 

What general questions ought to be raised with a view 
to discovering a common viewpoint to the heating prob 


em? The following are suggested : 
What standards of comfort should be secured 
Should it be an invariable practice to provide for some 
inmum quantity of domestic hot water per day? 
lo what extent are structural matters definitely related 
heating ? 
* Me nical Engi: er, Federal Housing Administration 


- r . 
Assistant Professor of Mechanical Engineering, Yale University 

reent 1 at the Semi-Annual Meeting of the American Soci 
IEA AND VenTILATING EnGineers, Mackinac Island, Mich.. ] 


Hearin: 
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(d) What is the er ba 
the cost of heating 

Answers must necessarily be suggeste scu 
is to be fruitful 

First of all, as a people, human beings live in p ’ 
nent and generally substantial buildings. Clothing ar 
diet are substantially uniform. Responss ermal « 
vironment runs in a predictable manner. The Ame} 
SociETY OF HEATING AND VENTILA1 ‘ 
established standards of comf human bei 
enclosed spaces Lhes« nainys ( tere 
those in England, are generally accepted as rect he 
Assuming these standards are c ICI VE 
and health. there seems to be nat if 
that low-cost homes, like any ot s, Ss ve heate 
accordance with the accepted standards 
HEATING, VENTILATIN¢ \rr | 7 (5 
of the AMERICAN Society or HEA’ \ 
rILATING ENGINEERS dealing temperature 
formity, air motion, humidity ( It : 
heating systems shall be capable of maintaining 
standards in a home in a eat likely CCU 
Ing the he; ting season and that the Capacity sha e* 
the design load as determined by et! eat | 
calculations as found in THe Gurp1 It ecogniz 
that the heating systems in manv existing es fai 
secure this standard of comfort, I al “ t i} 
a good argument against this pr sed standart It 
fact pives the heating ndust a cal por 
service than evel be fore 

Secondly, it is commonly known that general pub 
lic health is improved by increased use of water service 
lf there is an acknowledged value in the use ample 
quantities of domestic hot water, it is a service whi 
does not depend upon climate or geograpl he : 
of hot water will be more nearly a uniform cost per fai 
ily than that of heating It is suggested that a low : 
home should have from 30 to 50 gal of domesti 
water available per day. While this domestic hot wate 
need not be supplied by the heating system as an ad 
tional service, there will be instances when the heat 
system will supply this watet and in these cases the 
performance of the heating plant must be considere: 

Third, climate varies so much in different sect 
the country that large differences in heating costs seen 
inevitable. The number of degree days mav vary i" 
about 1000 to 10,000. The variation in climate, there 
fore, will influence the maximum capacity of a heatin 
system over a wide range varying about 400 per cet 
for a given structure This range can be reduced by 
insulation, control of window sizes and generally bette 
construction to about 100 per cent. In other words 
an acceptable low-cost house can be built with maximun 
heat losses varving between 25,000 and 50.000 Btu pet 
hour 

It is recognized that some structural changes mav be 
made, due to considerations of heat loss, which do 1 
increase the cost of constructior On the other har 
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Table 1—Budget Amounts for Heat and 30 Gal of Hot Water 
Per Day for Various Annual Incomes 


| j 
DeGree-Day | $1000 $1250 $1500 | $1750 | $2000 
1,000 48 .00 55.63 | 63.50 | 71.63 | 80 .00 
2.000 | 50.00 | 58.13 | 66.50 | 75.13 84.00 
3,000 52.00 | 60.63 69.50 | 78 63 88 .00 
4,000 | 54.00 63 .13 72.50 82.13 92.00 
5,000 | 656.00 65 63 | 75.50 | 85.63 96 00 
6,000 58 .00 68.13 78.50 | 89.13 | 100 .00 
7,000 | 60.00 70.63 | 81.50 | 92 63 104.00 
8,000 62.00 73.13 | 84.50 | 96.13 | 108.00 
9,000 64 00 75.63 | 87 .50 99 63 | 112.00 
10,000 66.00 78.13 90 50 103 .13 116.00 
| | 


where a question of heating systems for a given home 
arises where one may contemplate the use of insulation 
and the other not, it seems clear that insulation is a 
part of the cost of heating and should be included. If 
a climate is so severe as to demand insulation, then the 
cost should be a part of the cost of the heating system. 

Again it may be that the chimney cost could vary de- 
pending upon the heating equipment chosen and the kind 
of fuel burned. The chimney might be a relatively in- 
expensive metal or composition vent or a standard tile- 
lined brick chimney. Here again if the cost of the chim- 
ney is added to the cost of the heating system because 
of the characteristics of that system, a truer picture of 
costs is obtained. It is suggested then as concerns part 
(c) that some recognition be given to the fact that cer- 
tain structural features may properly become a part of 
the heating system cost. 

Fourth, it is an accepted fact that the cost of heating 
is the largest single operating cost in a home. It is 
especially important where small incomes must buy so 
many necessities that costs not only be as low as possible 
but that they be reasonably predictable in advance. It 
is particularly urged that heating systems for low-cost 
homes should not be analyzed in terms of first or initial 
cost, but in terms of operating and maintenance costs. 
It meets a situation more realistically to express it in 


terms related to yearly income. If the operating cost 
of a heating system can not be afforded, that system 
should not be installed. Another reason in favor of 


stressing operating and maintenance cost is that this 
amount over the life of the heating equipment will be 
several times greater than the first cost of the system 
itself. In contrast to this, construction with high resist- 
ance to heat transmission would probably last as long 
as the building and require no maintenance. In that 
case the yearly cost would bear a direct relation to first 
cost. First cost should then be the sole criterion by 
which equivalent construction should be judged. It is 
suggested that the yearly budget for heating and domes- 
tic hot water should not exceed the values given in 
Tables 1 and 2. 

A yearly operating budget requires that the perform- 
ance of heating devices be known, This requires that 
products be tested in a manner that reveals pertinent 
economic data. A number of test codes have been de- 
vised from time to time and many are quite satisfactory 
in directing what measurements shall be made and in 
what manner. A common difficulty is that these codes 
may not always be followed. Again where test data are 
obtained they often are not published. Without test 
data, the economic performance of various combinations 
of heating devices leaves too much as a matter of sheer 


conjecture, 
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Table 2—Budget Amounts for Heat and 50 Gal of Hot 


Per Day for Various Annual Incomes 


DeGcree-Day $1000 


00 


1,000 56 

2,000 58.00 
3.000 | 60.00 
4,000 | 62.00 
5.000 64.00 
6,000 | 66.00 
7,000 68 00 
8,000 70 .00 
9,000 | 72.00 
10,000 76.00 


|} $1250 | 


| 63.6 
| 66.1 
68 .6 
71.1 
73 6: 


| , 
76.1 
78 .6 
81.1 

t 


3 
3 
3 
3 
3 
3 
; 
$ 
83 .63 
3 


$1500 
71.50 
74.50 
77 .50 
80 50 
83 50 
86 50 
89 50 
92.50 
95 50 
98 50 


$175 


79 
83 
So 
90 
93 
07 
100 
104 
107 
111 


Even the problem of determining the capacity 
vices so that a heating system will be adequate, 


nothing of economical, is not satisfactory. 


rating codes available in some cases, but often 


indication of capacity is a catalog rating which 
may not be founded upon a well-known and g 
It is suggested that a rating 


approved basis. 


necessary for all classes of equipment and parti 


that the code should indicate values that 
nent to the actual behavior and economy of the 
system as actually installed and used 

There is a lack of such 


present time, though codes are now being prepa: 
The practical dange: 


revised by various groups. 


progress of the several groups will not be uniform 


Ct ules 


or 


e) 


Che 


will be 


standards 


the character of the codes may not be of a unifor 
ity. This means that a group which presents its pr 
in a way better suited to a determination of its ec 

value than some other groups may enjoy a competit 
advantage not entirely justified by the product 


The Federal Housing Administration is authori 
the National Housing Act and its purposes are, first 
encourage building construction, and, second, to en 


age improvements in housing standards. 
ments to the Act have stimulated construction of 
in the low-cost range by making financing of thes« 


Recent ar 


attractive. As a result of the activities of th 
Housing Administration and largely because of 
cent amendments to the Act, better than 50 pet 


newly constructed houses costing under $5000 hav: 


financed with insured mortgages. 
large number of houses which have been submitté 


As a 


1 
result 


ti‘ ¢ 


mortgage insurance, it is felt that the experiences 
Federal Housing Administration on the question 
ing should be of interest and value relative to the 


tions raised in the forepart of this paper. 


But b 


discussing these experiences in detail, a brief ex; 


tion of the procedure of the Federal Housing Ad 


tration might be 


that the property with respect to which the mortgag 
issued is economically sound. 
vital part of the property, must, therefore, n 


in order. 


The Administratior 


quired to determine, prior to a commitment to 


The heating sy 


¢ 


test. In addition the buildings and the heating s 


must conform with standards prescribed by the Ad 


tration and these standards, by way of improving 


ing standards, must give consideration to healt 


comfort. 


The amount of the mortgage on any particula 
erty is determined by weighing the various factors 
determine its valuation as distinguished from 
This system includes rating of the mortgage pat! 
borrower, the location, and the property itself. 
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relation to the rating of the property, the mechani 
quipment must be rated. The rating of this feature 
reflects the degree of adequacy, durability, and operating 
my to perform the functions for which it is de- 
oT d. considering the number and type of people likely 


an! 
Udi 


ect 


' 
s 
ix! 


to occupy property of this class. 
maintaining a list of approved equipment, devices, o1 
systems. Consequently, the heating equipment or system 
‘s considered for each home on its own merits. This 
procedure means that a great variety of combinations of 
heating equipment may be submitted to the FHA. Since 
this is so, it is obvious that more than casual knowledge 
of the many heating devices must be available. It is often 


This is not done by 


true that catalog information itself is not enough and 
must be augmented by much more specific information 
to enable proper consideration of a particular kind of 
equipment with reference to its adequacy, durability, 
and operating economy. The establishment of standards 
by the Administration for other features of the house. 
such as space, window area, beam sizes, and plumbing, 
has been facilitated by reason of the existence of codes, 
specifications, and requirements which have been devel 
ned in the past and in which provision is made for con 
stant revision as conditions require. 

Because such codes lend themselves to the aims or 
hjectives of the FHA, they can be incorporated directly 
in the requirements of the Administration with satis 
factory results. For example, there are three basic codes 
for plumbing, and a comparison of them indicates that 
they do not differ in any essential features which affect 
performance or adequacy. Direct reference is made by 
the FHA to the Minimum Requirements for Plumbing 

the Department of Commerce as an FHA require 
ment Due to lack of heating codes of this character, 
there is little if any protection against the use of inade 
juate and poorly designed heating systems, the operating 
cost of which will be far in excess of the low-cost home 
wner's ability to pay. All considerations relating to 
safety are taken care of by direct reference to the Re 
quirements of the National Board of Fire Underwriters 
[hese requirements are based on minimum standards 
lor safety from fire and explosion and are not concerned 
vith economy of operation except insofar as safe equip 
ment, because of inherent durability, may contribut: 
toward lower maintenance and depreciation costs 

Concerned as it is with a large amount of building 
construction, it is natural that many complaints will arise 
Experience has shown that a major proportion of thes¢ 
omplaints in certain localities are on heating. In one 
territory it was found that a classification of the com 
plaints on heating showed them to be due largely to 
excessive operating cost. This is one example of what 
ould be avoided if proper and adequate technical data 
ad been available at the time the commitments to insure 
the mortgages on these particular houses were made 
In order to correct a condition of this kind, the FHA 
as resorted to the promulgation of specific rulings de- 
“igned to deal with an existing situation in a particular 
‘erritory, or has requested the industry, whose products 
4 ippear to be most directly responsible for the con 
ition, to prepare performance specifications to correct 
uture troubles or to revise existing codes and specifica 
‘ons which do not quite cover the situation, but which 
ould be made to do so by amendment or revision. In 


‘der to avoid the liability involved in accepting inade- 
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uneconomic heating systen al when tne 


~ 


quate o1 
dustry concerned is slow to prepare 
Federal Housing Administratior 

avail itself of its prerogative to write down those pr 


specifications, the 


erties submitted which include systems whicl 


has shown to be of poor quality The ar 
mortgage can be modihed up or dow em 
the quality and performance characteris 


ing system. 

For example, if the equipment is wis¢ 
installed, it may enhk 
the full extent of its cost. If, how 


equipment is too great in relation to the « 
structure or if the typical buyer cannot aff 
of operation of the equipment, it will not enl 
value of the prope rty to the full extent rt its 
ditions of this kind must neces v be refl 
face value of the mortgage. Obviously. the 

ods, namely the use of the ruling 

try for protective standards, are more expe 


usually more effective in achieving the obj 

quacy, durability, and operating econon 
Recently in one of the Federal Housit 

number of con 


. , 
It was found 


instance an oil burner was used 


tion’s offices a large 


on heating of small homes 
try was requested to prepare a 
the trouble. As a result of industry meetings 
was developed which included the establisl 


installation specification, evidence of pli 
which was incorporated in the form of a certifi 
posted in the basement. This constituted the 
of the program and was incorporated 
effective in the insuring office most concert 
installation was required to be tested and the 
the test noted on the certificate 

The industry continued its program cove 
ards for the manufacture of the burner itself at 
the coordinating facilities of the National 


Standards, has incorporated the entire schem« 


mercial Standard ( Ding of the most interesti 
teristics of this procedure is that the installati« 
formance code Ss so definitely 


assure improve: 
economy. This characteristic is common t 
or lesser degree in all standards establish 
procedure inasmuch as consumer 
cluded in their development When a commer 


the Federal Housing Adminis 


represe! tati 


ard exists, 


position to include it as a part of its requirements 
ing facilities of its own for testing. the Federal 
Administration makes use of the National 
Standards for determination of compliance wit! 
tions and also uses the experience and know] 


Bureau in an advisory 

It sh vuld be 
account of 
appeared in the field of low-cost hom 


wa\ 
interest to include 


the variety of heating Syste 


every known system of heating has beet 
there is reason to believe that each of these 
place This variet has included evervtl 7 o 
most simple form of circulating heater to the 
niatic central heating plant, and includes ll 


fuels and fuel burnis 


JQ 


tain geographical significance with respect t 


of heating svstem used. but this seems to be 
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disappearing. As a result there has been a tendency to 
use equipment found acceptable in a warm climate in 
localities where there may be some doubt of its adequacy, 
mainly because of the tendency to seek a cheaper system 
without due regard for operating economy or adequacy 
of performance. This trend as it develops may introduce 
difficulties due to performance and should make it evi- 
dent that codes or standards are increasingly important. 
There appears to be a trend toward the development 
of individual units which can be installed regardless of 
whether or not there is a basement, and one feature of 
this sort of development is the tendency to confine the 
equipment in a very small space. Since space is avail- 
able vertically in a small house to a greater extent than 
horizontally, the procedure is to build the component 
parts of the unit one on top of the other. While there 
has been a tendency toward the elimination of the base- 
ment, this has been somewhat retarded by the complica- 
tions it presents in the question of storage space includ- 
ing storage of fuel; also, it is affected by construction 
requirements in the colder climates which specify that 
footings shall be carried down below frost line; and, 
finally, because of the requirements of the basementless 
house that the heating medium be circulated mechanically 
with accessories, which add to the operating cost. 
There are certain types of heating systems which have 
been characteristic of a particular locality. For example, 
the warm air system seems to be prevalent in the terri- 
tory bordering on the Great Lakes and extending out 
into the Middle West. This may be explained by the 
wide public acceptance of that form of heating. This 
does not mean that other forms of heating which may 
be suitable for that particular territory could not be 
introduced. Hot water heating systems found in the 
houses of certain cities along the Eastern Seaboard are 
largely used because of public acceptance, and this, too, 
is no reason why other forms of heating could not be 
successfully used there. Another example of the in- 
fluence of public acceptance is found through the belt 
extending from North Carolina westward to Arkansas. 
In this territory almost all houses are provided with a 
fireplace. As a result, the improved circulating type of 
fireplace finds a ready acceptance in this teritory. How- 
ever, it has also been noted that where automatic equip- 
ment has been installed in homes already equipped with 
a fireplace, there has been a tendency to use the fireplace 
to a much lesser extent. While it is true that there are 
many homes in the extreme southern parts of the country 
which are not ordinarily equipped with any separate 
heating device, it is a fact that there is no state of the 
forty-eight which has not recorded at some time or 
another a temperature of zero degrees or lower, and 
there is only one weather station in the whole United 
States which has never recorded a temperature below 
freezing. This should indicate that, while there may 
not be actual suffering in these southern homes, there is 
at least discomfort at times. While many of these homes 
do not require complete heating systems, they still should 
have some form of heating device. In Southern Cali- 
fornia it has been common practice to build houses of an 
open type of construction, eliminating the building paper 
and permitting a comparatively large amount of infiltra- 
tion. Consequently, in Southern California the unvented 
gas heater has been used to a large extent. With the 
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Air Conditioning 


Section 


use of insulating materials to provide greater s1 
comfort and generally tighter construction, the ur 
heater presents a serious problem due to conder 
Therefore, such heaters should be separately ve: 


other means of heating introduced. 


There is a definite trend toward the decreas¢ 
design loss of the house by tighter construction, 
insulating materials, and more compact plans, w! 
rectly affects the maximum capacity of heating s 
and particularly automatic firing devices. As a 
of this trend, there is a lack of small capacity 
available. At the present time, this trend is res 
in an increase in the use of small gas-fired equ 
where low capacities are not a serious problem 
continuousness of heat output is to be obtained ; 
ferred to highly intermittent heat, it would see 
the attention of the heating industry should be d 
toward the development of devices with a capacity 


smaller than those in present use. 


While there is a tendency toward the developn 
automatic devices, this does not mean that developny 
of devices to burn sclid fuel manually should not 
tinue, because automatic control is necessarily asso 


with higher cost and is necessarily limited in its app! 
tion to a relatively small percentage of the possibk 
pants of low-cost homes. The availability of woo: 


ticularly in rural localities, suggests the desirability 


developing wood-burning equipment which 


So far as future developments for heating the low- 


( 





p ISSOESRS 
definite qualities of convenience and economy. 
axiomatic that lower costs create a greater market 


| ‘ 


homes are concerned, there will probably be a continu 


types of fuels. These improvements will be mad 


the necessary considerations for reduced size, better | 


formance, and greater operating economy. There 
son to believe that certain social considerations gt 
out of reduced space and the need for privacy may 
in an increased use of the combination of a heati 
with a definite distribution system so that isolated 


may be properly heated. 


A reduction in heat losses without a correspon 


li 


duction in hot water demand has developed the us 


domestic hot water as the heating medium. 


+41 
Alt] 


not new, this development will probably continue. \\ 
there will be further attempts to reduce heat 
should be pointed out that too great a reduction iv 
tration loss may be made at the expense of ventilat 
The question might ultimately arise as to whether 
special provisions for ventilation may not hav 


made, 


Conclusions 


1. Agreement on certain general questions seems 
to the basic approach to the problem of heating low-c 
2. The field experience of the Federal Housing Administ: 


tion reveals that the heating system is one of its most 


concerns. 


3. Solution of the problem must contemplate the avai! 


pertinent performance data and standards. 


4. All recognized methods of heating and their asso 


vices participate in the heating of low-cost homes 


5. Future development of certain devices will re 
they be made for heating loads smaller than at presen’ 
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Study of Summer Cooling in the Research 
Residence for the Summer of 1938 


Ry A. P. Kratz*, S. Konzo**, M. K. Fahnestock** 


This paper is the result of research 


URING the summer of 1937 an investigation' 


was undertaken to determine the temperature 


and humidity conditions that could be main 
tained in the Research Residence with a mechanical con 
densing unit having a capacity approximately 40 per cent 
less than the 30,000 Btu per hour used during the sum 
mers of 1932 to 1936 inclusive. 
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HEATING AND VENTILATING ENGINEERS in cooperation with the National Warm 
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heating system 
In every respect the state of the R sidencs 
was the same as that during the 
arrangement of the forced-air 
also the same for the two summers 
cooled air could be 
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Fig. 1—Diagram of cooling plant with mechanical refrigeration 


These tests with a small capacity, mechanical condens 
ing unit were extended in 1938 and, in addition, were 
supplemented by tests made with the unit operated at a 
capacity of 30,000 Btu per hour. In the latter case, 
cooled air was delivered only to the rooms on the sec 
nd story. 


Description of Cooling Equipment 


The Research Residence together with the forced-air 
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the second story, or through the reg 
The arrangement of the cooling plant, s 
was practically the same as that fully described in a 
vious publication’ except that two evaporator 
installed, and provision was mac 
alone or both units in parallel 
of the condensing unit 
per hour with both evaporator units 1m 1 


pressor running at 429 rpm 


of the season 


condensing unit was reduced to 18,000 Btu per 


changing a pulley on the motor 


pressor speed, 


line, which cut off one of the two evaporators 
A study of hea 


north walls of 


Investiga ! 
Residence, by A 
f Illinois Eng 














approximat 1\ 


and by closing a va 
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These wall sections con- mineral wool. ‘The calculated coefficients of heat 
sisted of lap siding, building paper, sheathing, studding = mission for the uninsulated and insulated walls w 
space, wood lath and plaster with rough sand finish. This _—_ spectively, 0.25 and 0.042 Btu per square foot pe: 
study was extended in 1938 to include tests on an insu- per degree Fahrenheit at a wind velocity of 15 mp! 
lated wall section. For this purpose the west wall stud- north wall was not insulated. The thermocouples a: 
heat flow meters which were used in 1937 were als 
in 1938 tests. 


Residence was begun in 1937.° 


ding space, which was 55¢ in. deep, was filled with 





‘ioc. Cit. See Note 1. 


Table 1—Fan Data Method of Conducting Tests 


(Calculations based on air density of 0.075 lb per cubic foot) 
Continuous records were made during the sum: 


Capacity | AIR AIR AIR 7 . hin 2 , omen ar , . , 
Seaizs No. | ov Unit Ase Vouume, | Weicut, | CHANGES® air temperatures in the various parts ol the hous 
a | as Cre oe || ek oe in the different sections of the duct system. Duri: 


periods of operation, observations were made 
weight of water entering and leaving both the co 
ing unit and the house, the head and suction pres 


1-38 and 2-38 | Both Stories 1560 1.6 . . 3 
1-38 Both Stories 1890 80 and the electrical inputs to the compressor am 


COOLING WITH OvuTpooR AIR AT NIGHT 


7 


motors. 
Ark RECIRCULATION DurRING Day INCLUDING VENTILATING AIR Durine all of the tests the windows in the att 
~ . . . ani 
mained open and those on the first story ren 


1-38 18,000 Both Stories 1020 4590 43 ona . : 
2-38 18,000 | 2nd Story only 880 3960 7.4 closed. The recirculated air was returned throug 
3-38 and 4-38 30,000 2nd Story only 1040 1680 8.7 ‘ : . . : 
| return air grille located in the stair risers in the 
VENTILATING AIR story hall. For the purpose of cooling with outdo 
at night, the attic door and 11 windows on the s 
ror a ques | — awe 1.0 story were opened in the evening when the effectiv: 
perature outdoors became equal to the effective te 
"Outdoor air admitted for ventilation amounting t ne air hange per ’ or 
our included in these values ture indoors. The dampers were set and the 
*“Ouantity of air throug *t coil » f 
intel on intend ae eee ment door opened, so that the fan delivered outdo 


Table 2—Complete Data and Results for Tests—1938 


WeatHer Data 
lie : —a | INpoor Ark CONDITIONS 
OvuTpoor AIR 


TEMPERATURE 
DIFFERENCE 
























































| Toral a ae ay Nu " 
| DeGree-Hours| % . Avc DuRING . : |  AvcG DurINnG IGH 
= | dt N- MaAx- MIN- Periop REQuIR- AT END OF ; Peron REQUIR ING PRE\ 
Date | Test |SERIES SHINE IMUM IMUM ING COOLING NiGcut CooLinG ING COOLING OvuTDOOR AvG lest Pes 
1938 | No. | No. IN | TEMP TEMP. nd eats a os aa MAX. To |OuTDOOR 
Hours | DurING| PRe- AvG | To AvG 
| , AND | TeEsT, | vious TO Hum., | HuM., Hum, | Inpoor,!| Inpoor,! Dura 
| yy “now MINUTES F Test, Temp., Per | Temp PER Temp., PER F F TION, 
| . | PF F CENT | F CENT | F CENT | Hours 
1 oe Ee ae ie” eS Se ee ae, See eee 10 i SS Es a ie eR 8 oR Bo ae Ey ee 
6-21 1 | 1-38 39.7} 3.0] 15:06 | 87 | 62 | 83.7 39.6 71.8 609 | 78 | 51.3 ; 2 ) 59 11 25 
6-22 2 1-38 | 209; 0O 7:10 85 | «(64 79.4 52.3 727 63 .7 77.0 | 59.4 8.0 | 2.4 10 .67 
6-23 3 1-38 75.8 | 29.3 12:51 92 64 86.9 | 51.4 73.7 71.9 78.4 60 .6 13.6 5 10 .50 
6-24 4 1-38 | 7.4 0 3:10 | S82 | 72 | 779 82.5 77 6 80.9 | 77.2 66.4 | 48 | 0.7 0.83 ; 
6-25 5 1-38 | 52.3 20.0 9:35 90 | 69 | 85.9 59.2 75.2 83.5 78.1 66 .7 11.9 78 8.3 . 
| 
7-1 § | 1-38} 22.0 20 1:43 90 | 70 82.4 | 73.3 | 75.8 82.8 77.2 72.5 | 12.8 | 5.2 0 
7~2 7 1-38 1.0 Oo | 325 80 | 68 73.3 79.8 | 74.9 | 85 7 76.6 76.2 | 3.4 —3 .3 12.92 
7-3 8 1-38 5.0 0 9:40 82 69 80.3 62.4 73.8 80.4 77.1 67.1 | ¢9 | 3.2 | 17.25 
7-4 9 | 1-38] 3.0 0 12:35 82 63 79.0 54.7 72.0 61.9 77.0 58.3 | 5.0 | 2.0 | 11.67 
7-5 10 1-38 | 13.4 0 13:34 | S2 63 80.3 419.5 71.5 65.3 77.1 9 4.9 3.2 | 11.67 
7-6 11 1-38 51.2} 11.4} 14:49 87 | 65 82.9 59.0 | 72.4 66.7 77.5 56.3 9.5 5.4 11.50 
7-7 12 1-38 | 71.7] 29.6] 12:25 90 | 68 87.2 54.5 | 75.3 | 71.4 78.7 61.0 11.3 8.5 9.17 
7-8 13 1-38 45.1 6.9 10:43 | 86 | 68 83.2 61.0 | 75.3 | 72.9 | 77.8 | 61.1 2 5.4 12.50 
7-9 14 1-38 60.4} 13.8] 14:56 90 | 66 85.3 49.8 | 75.3 | 70.2 | 77.8 | 57.0 12.2 7.5 9.25 i 
7-10 15 1-38 83 .2 32 .2 12:39 90 68 ; 85.8 53 .7 75.1 68.1 78.5 57 .2 11.5 7.3 | 10.75 
| | 
7-11 16 1-38 93.7 | 38.4 11:57 96 74 85.6 56.3 | 77.6 72.2 79.4 57.7 16 .6 6.2 | sg 42 ‘ 
7-12 17 | 1-38 79.6 | 34.6 10:50 92 70 85.5 57.8 | 76.9 | 70.5 79.5 61.3 12.5 6.0 9.25 ‘ 
7-13 18 | 1-38 38 4 2.6 6:20 86 70 79.7 67.3 | 75.8 65.1 77.4 59 .6 8.6 2.3 10 50 
7-14 | 19 1-38 38 .6 0 14:41 85 68 81.6 458 754 57.5 77.3 51.1 77 4.3 0 
7-15 20 1-38 9.1 0 12:52 St 2 80.4 50.2 72.1 62.1 | 77.5 53.8 7.5 | 2.9 12 .00 
| | 
7-16 | 2 1-38 | 52.1] 12.4] 11:55 | 88 64 83.4 4.9 | 71.8 66.1 77.7 56.9 10.3 5.7 | 12.25 
7-19 22 1-38 | 23.1; 90 14:35 | 86 64 2 .1 51.0 | 71.2 66.9 77.1 55.5 8.9 5.0 | 11.92 
7-20 23 1-38 32 .5 | 7.4 10:02 87 66 83.9 57.4 72.6 68.5 77.2 62.1 9.8 GO 5 *Sh.ce 
7-23 24 1-38 16.3 0 14:50 | B85 62 80.6 50.9 71.5 74.8 77.3 59.4 7.7 3.3 | 13.00 
7-24 | 25 1-38 | 35.0 | 0.7 14:36 | 88 62 82.1 59.3 | 70.9 68.5 773 59.8 10.7 48 12.17 s 
| | 
7-25 26 1-38 70.5 24.2 12:51 91 62 85.2 59 .2 73.1 68.5 78.2 61.0 12.8 7.0 10 92 
7-26 | 27 1-38 27.9 | 6.6} 8:15 89 69 2.4 61.7 | 75.2 72.1 77.4 63.8 11.6 5.0 9.00 ‘ 
| 
7-27 | 28 | 2-38] 13.4 0.3 5:25 | 87 68 79.2 76.7 73.8 83.1 77.2 74.0 9.8 2.0 16 .00 
7-28 20 2-38 3.9 0 13:08 87 67 2.9 56.9 73 .6 2.5 77 5 12 .2 9.5 5.4 13 .00 
7-29 30 2-38 10.0 | 0 12:04 | 84 65 80.8 53.4 73.3 73.1 77 6 58 9 6.4 3.2 11.25 
7-30 | 31 2-38 | 20.6 O | 12:46 83 64 | 81.0 69 .0 72.5 70.4 77.4 64.7 5.6 3.6 12.00 2.5 
7-31 32 2-38 2.6 | 0 | 6:45 SI 69 80.1 69.9 75.3 80.0 | 76.5 65.9 4.5 3.6 11.33 5.4 
s-1 | 33 | 2-38 1.0 0 8:20 | 8 | 64 | 70.4 | 71.4 | 72.4 | 75.3 | 76.4 70.1 6 3.0 12.50 
5-2 34 2-38 48.9 10.4 14:18 88 67 | 84.4 | 64.9 73.6 | 81.4 77.0 64.9 11.0 7.4 11.50 
| | | 
8-15 | 43 4-38 | 24.3 0 3:15 } 83 71 81.8 73.1 No Night) Cooling} 78.0 63.4 5.0 $8 0 
8-16 | 44 4-38 19.1 0 4:05 | 8&4 70 81.1 | 72.7 75.4 84.8 78.4 76.5 5.6 2.7 9 .50 b 
8-20 | 45 | 4-38] 49.0 1.8 7:55 | 89 66 81.7 68.3 | 72.0 | 72.9 | 78.0 71.0 11.0 3.7 12.42; 7.4 
8-23 | 46 4-38 | 77.4 34.0 11:17 | 95 | 71 86.4 63.8 75.2 | 7.8 | 77.8 62 .2 17.2 8.6 12 .00 ‘ 
| 
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h the duct system to both stories until 7:00 a. m 


throug 
fhe windows and doors were closed at 7:00 a. m. and 
the dampers were changed so that the fan started deli, 


admitted for 
continuously) 


recirculated air and the outdoor air 
ventilation. The fan run 
the day and night. The quantity of 


et 

was allowed to 

ng all delivered 

by the fan for each test series and for cooling with out 
air at night is shown in Table 1. 

(he Residence was operated strictly on the schedules 

lescribed in connection with the following discussion of 


the different test series 


Simultaneous Cooling on Both Stories (Sertes 1-38 


\fter 7:00 a. m. the 
stories. When the average temperature on the second 
the condensing unit, operating 


\ air was recirculated on both 


story rose to about 77 F 
at a capacity of 18,000 Btu per hour, was started and 
cooled air was distributed to the rooms on both stories 

fhe method of operation used in this series was the 
same as that for Series 1 of 1937 except that the cooling 
plant was started “ 
xtremely mild weather the cooling plant operated inter 


at a lower indoor temperature 


tly and maintained an indoor temperature of 77 F 


tten 


However, the heat absorbing capacity of the unit was 


so small that on most dz 


ys when cooling was required, a 


slight rise in indoor occurred as the test 


progressed, and the plant operated continuously during 


ten i] erature 


he whole peri vd. 


Table 2—Complete Data 


OVERALL Test Pert 
)PERATI *” THE FAN 
- START OF WOOLING WITH 
RCULATION RECIRCULATION CONDENSING UNIT TO 
EVIOUS Tt DwRIN START OF 
Test Periop Test Periop NIGHT AIR COOLING 
Mi 
RA DURA DuRA ~ 
N POWER ri ‘OWER STA I TION 
[OURS KWuHrR Hours Kw Hours 
19 20 1 2 23 24 2 “6 
7.33 3.0 6 00 2.4 2:20p 8:20p 6.00 >. 70 
8.25 $f >. 25 2.3 3:15p 8:30p 5.25 2.72 
OS > 0 9 OS 4.2 12:05p 9:10p 9 O8 & OY 
0 0 | 15.67 rm 7:00a 10:40p | 15.67 14 00 
2.25 1.0 9 00 . 9:l5a | 6:15p | 9 00 9 OO 
4.33 1.8 2.75 14 $:20p 6:05p 2 75 2 58 
00 1.2 3.75 1.8 10:00a 1:45p 3.75 1.05 
75 9 5 6 58 3.1 2:45p 7:20p 6 58 1 58 
1.00 $.1 , 33 1.5 4:00p 7 :20p 3.33 2.65 
8S 50 3.9 1 00 1.6 3:30p 7230p 4 00 ; RY 
6.25 29 8S 58 ts l 15p 9° 50D & SS 8 50 
50 1.2 9.00 41 | 9:30a 6:30p 9.00 9 00 
> 1.0 12 .25 ».7 | 9:30 9:45p 2.25 12.08 
2.25 10 11.00 +2 | 9:15a 8:15p 11 00 11.00 
00 1.5 12 58 6.0 10:00a 10:35p 12 58 12.33 
) 0 14.75 7.0 7 :00a 9:45p | 14.75 14.50 
0.58 0.3 12.92 6.1 7:35a 8:30p 12 92 12 67 
a3 1.5 20 67 08 10:20a 7:00a 20 67 18 03 
50 0.5 10 50 io 8:30a 7:00p 10.50 9 85 
2 40 > DO 13 4:15p 6:45p 2. 50 2.25 
7.00 30 6.25 29 2:00p | 8:15p 6.25 6.00 
8.00 3.5 4.25 20 3:00p | 7:15p 4.25 4.00 
p- 2.3 3.50 wy | 12:15p | 3 15p 3.50 $.18 
’ 41 2.64 12 | $:20p | 7:00p | 2.67 2 .42 
8.50 I8 4.42 2.1 3:40p 8:05p | 4.42 4.20 
| | 
1.67 2.1 10.33 1.8 11:40a | 10:00p | 10.33 10.33 
- 0 0.9 5.95 2.6 | 9:03a 3:00p 5.95 5.78 
3 
4 2.1 6.33 29 | 11:40a 6:00p | 6.33 4.17 
os 2 6 6.92 3.0 | 12 5Op | 7:45p | 6.92 6.50 
7.0 3.0 5.00 2.2 | 2:00p!| 7:00p| 5.00 $50 
7.0 3.1 5.67 2.5 | 2:00p| 7:40p| 5.67 5.17 
5 .O 3.5 3.50 | 1.6 3:00p | 6:30p | 3.50 3.50 
4.6 | 2.33 1.1 5:10p | 7:30p | 2.33 1.42 
2.7 8.85 3.6 12:09p | 9:00p 8.85 8 85 
| | | 
2 2.9 9 50 59 | 12:00 | 9:30p| 9.50 5.18 
me 4.1 8.28 | 49 | 2:13p | 10:30p; 8.28 2.02 
d.4 me Ff lB Ct 1.8 | 4:5lp | 7:55p 3.07 0.75 
: 3.1 | 9.35 5.7 | 12:25p | 9:46p | 9.35 6.08 
a ‘ = 
> . 
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Looting } sé / \ ) ‘ 
Seo ‘ 2 SA) 
The air was distributed o1 : 
rooms after 7:00 a. m. When th eras 
on the second story rose to ab 7 
unit, operating at a capacity 2 (KK) ; 
was started and cooled air was dis 


1 +} | 
ooms on ne second story 


Coolin on Se nd Stor I j j 
lion of Lemperatu Y d Sto s ‘ 

The air was distributed only to the 
after 7:00 a. m. and the condensing unit. operat 
capacity of 30,000 Btu per hour, operat: ntert 
maintaining a dry-bulb temperatur: . o 
h \t some time during the ea ( 
temperature ot the air on the se 
a value exceeding 82 F, the « | 


the ] | - 
at all of the cooled air was s 
story rooms alone Lhe F ‘ 
usly until the average t era 
was reduced 0 /8.5 | 
( ¢ } ] Sé na Sfor 
> 
Seo \ } 1) 
The metho perat 1 v2 ( 
> 20 
SseTies 2 IS EXCe] that the condens £ 
it a capacity of 30,000 Btu per hour 
and Results for Tests—1938 
R < 
1 i 
" ‘ 
PUA 
4.) 2¥ l 
203 6 58 1) 64 12 ¢ { a4 2 
158 0 8 2 7.4 9 7 1.050 s4 
532 0 1 is iS , 
S210 5S su oO. ; 1 . 12s 
19 0 »s 10 “44 71.800 ’ "> 
71) [3 7 10 4 » 79 22 200 ‘ 
O33 5S 0 1) 0S s 4 s40) iV . ; 
259 0 59 4 is 27 09 0.210 ~ " 
142 0 6 09 8 9 lf 11.280 2 } 47 , 
190 ¢ 59 1 10 2 "0 2 0 130 ‘ “) ~ 
i162 9 0 1 10 40 ) 4 00 109.90 10 
510 2 0 Oo “4 52 20 2 OND 127 
676 6 9 0 10.3 70.44 8? O00 144 297 
597 5 0 1 1) 2 417.7 3 SOO 14 , 
683.0 04 10 0 5 57 62,7 14,7 227.4 
BIS 2 +O 10.4 76 890 AS a7 ; 
730.0 . 2 Oo 8 78 24 RS OOM 53.200 ; 
1014.0 5 so 4 102 00 | 114,200 8.70 } 
516 0 m4 mm ¢ 2 aS 20.900 140 y 
117.4 “0 0 9 2 él 6.580 ~ 
44 s 9 10 24 87 28 30 S ‘ SS 
212 2 9 9 0 3 14 28 if 0) mar +45) 
176.1 50 f mo 5 15 4 17.220 10.78 ys On y. 
130 .4 60.0 39 2 8 O8 ,110 +471 1? 58 ; 
234.1 60.1 0 0 21 20 23,70 ] ( 
586 0 04 ® i 8 8 1K 25 40 13.00 ) 
326.0 1 +o 72 40 67.58 x 
244 7 60 2 +L 2 O07 6.08 ry . , 
71.0 60.0 39.2 5.13 10.100 S10 ? Th 
240 9 59 7 9.5 16.50 +300 19.92 79.220 ‘4 
200 WY tw .2 2.10 6.200 — 7M MOO ~ 
14S 61.0 is 2 2 f 26.800 8 40) 200 4 
SY oS H0 5 s 4 S AS 10.050 6.45 ”) 
1.0 60 .4 ee OO OS OS OK "4 , ‘ 10) Toe 
500 0 50 7 i 2 50 O8 65.40 122.100 a7 , 
239 .3 16.40 
53.9 2.49 
6904.0 59 3 17.9 7 86 64 ) y 








trolled to maintain a temperature of approximately 78 F 
on the second story. 


Results of Tests 


Simultaneous Cooling on Both Stories (Series 1-38) 

The results obtained from this series of tests were 
practically the same as those obtained from the work 
done during the preceding summer. General data and re 
sults from all of the tests are shown in Table 2. 

The operating characteristics of the cooling plant can 
best be illustrated by the results obtained on a typical 
day. For this purpose the test made on June 23, 1938, 
was selected as typical of the operation obtained when 
the rooms on both steries were cooled (Series 1-38), 
and the results are shown in the first column of Table 3 
and in Fig. 2. On this test the second story windows 
had been open during the preceding night from 8:30 
p. m. to 7:00 a. m., and outdoor air had been circulated 
The windows were closed 
air in the house 
12:05 


by means of the basement fan. 
(00 a. m. and recirculation of the 
The condensing unit was started 


at 7 
was begun. 
p. m. 

The tests made during the summer of 1937 had 
that with high humidity conditions at the start of 
a starting temperature of about 78 F resulted in an in- 
door effective temperature higher than the 75 deg repre 
senting the upper border line of comfort. In 1938, how- 
ever, the indoor effective temperature at the start of the 
This was ac- 


shown 
a test, 


tests was not allowed to exceed 75 deg. 
complished by starting the condensing unit at the lower 
indoor temperature of about 77 F, as shown in Fig. 2. 
The condensing unit operated continuously from 12:05 
p. m. to 9:00 p. m. maintaining the dry-bulb temperature 
between 77.4 EF and 79.2 F. Three hours after the con- 
densing unit started the relative humidity stabilized 
about 59 per cent and the effective temperature did not 
exceed 75 deg. The indoor conditions during this pe 
riod could be considered as entirely satisfactory. 

It is evident from the curve of indoor dry-bulb tem- 
perature in Fig. 2 that the condensing unit was insufh- 
cient in capacity to maintain a constant temperature. If 
the temperature of the gutdoor air had been materially 
higher, the rise in the indoor temperature would have 
been greater and the maximum indoor effective tem 
perature would probably have attained a value above 
that represented by the upper limit of the comfort zone. 
Since the season was comparatively cool, no test data 
under severe weather conditions were obtainable. 

In the study made in 1937 a relationship was shown 
between the maximum indoor air temperature obtained 
in the house and the daily median outdoor temperature, 
or the average of the daily maximum and minimum out- 
door temperatures. The results obtained have been re 
produced and are shown as broken-line curves in Fig. 3. 
The maximum temperatures that were obtained in the 
house, when cooling was accomplished only by the use 
of outdoor air at night, are shown as the upper curve. 
For a day on which the median temperature did not ex- 
ceed 75.5 F the indoor maximum temperature was 79 F 
and conditions were reasonably satisfactory if the relative 
humidity was not high. The lower broken-line 
curve, which gives the maximum indoor air temperatures 
obtained when the small capacity condensing unit was 
operated, indicates that on days when the daily median 
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Table 3— Typical Operating Data and Results 


Date 
Test Nx J 


. Series 
. Time of Day 


Outdoor Air | 
Dry-Bulb, F | 
Wet-Bulb, F 
Dew-Point, F 
Relative Humidity, per cent 
Specific Humidity, grains per pound dry air 

Indoor Air, average breathing level tempera- 
ture 
ist Story, F 
2nd Story, F 


. Indoor Air, average at breathing level 


Dry-Bulb, F 

Wet-Bulb, F.. 

Dew-Point, F 

Relative Humidity, per cent | 

Specific Humidity, grains per pound dry air 
Indoor Air, entering return grille | 

Dry-Bulb, F P | 

Wet-Bulb, F 

Dew-Point, F 

Relative Humidity, per cent 

Specific Humidity, grains per pound dry air 


. Ventilating Air 


Dry-Bulb, F 

Wet-Bulb, F 

Dew-Point, F 

Relative Humidity, per cent 

Specific Humidity, grains per pound dry air 
Mixed Air, entering cooling coil 

Dry-Bulb, 4 : 

Wet-Bulb, 

Dew-Point, Ye 

Relative Humidity, per cent 


Specific Humidity, grains per pound dry air 


. Mixed Air, leaving cooling coil 


Dry-Bulb, F 

Wet-Bulb, F. . 

Dew-Point, F 

Relative Humidity, per cent 

Specific Humidity, grains per pound dry air 
Air Temperature drop throug! cooling coil, F 
Temperature cooled air leaving registers, aver 

age, . . 
perature rise in ducts and casing, F 
aeons Air Temperature at breathing level 


‘ooling Coil 
Gross Face Area, sq ft 
Net Free Area, sq ft 


7. Air Velocity through coil 


Gross Face, fpm 
Free Area, fpm 
Moisture condensed from air, pounds per } 
Heat given up by air; total Btu per hour 
Heat due to moisture in air 
Btu per hour 
Per cent of total heat 
Sensible heat 
Btu per hour 
Per cent of total heat 


. Water Temperature in condenser 


Inlet, F 
Outlet, F 
Rise, F.. 
perature in house 
Inlet, : 
Outlet, F 
Rise, F 
Quantity of cooling water 
Pounds per hour 
Gallons per hour. 
Heat absorbed by cooling water, Bt 
Through condenser 
Through house 
Refrigerant pressures, gage 
Suction, pound per sq in 
Discharge, pound per sq in 
Nominal Rating of conde nsing unit with 140-1b 
head pressure, 55 F return refrigerant, 59 F 
condensing water and 74 F ambient air, Btu 
per hour 
Compressor Speed, 
Compressor Motor Dat. a 
Size, h 
Me asured_ power rate, kw 
eed, r 


u per hour 


Size hp.. 
Measured power rate, kw 


less the 


temperature did not exceed 80 F. 


shown as circles in Fig. . 


The results obtained 


from tests 


mum temperature on mild days. 


temperature also required that the cooling plant 
ated on days when cooling with outdoor air a! 
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16,300 
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made 
3, confirmed the results o! 
1937, except that the starting of the condensi 


at a lower indoor temperature resulted in a lowe: 
lower 


The 


oS 6 


60 0 


X 
ues 


v0 6 


16,300 
229 


maximum ind 


during 


alone would have given fairly satisfactory indoor 


HEATING, 


Pipinc ANp Air ConpiTioNniInc, AUG! 


} ‘ 


max 


y 7939 






















Outdoor Effective Terne 


; ; 










Ss . yt + + + 


| Sindoor Effect: Temp 


— + —— _— 
be ee | | | 
: - oy — , ; 


“> .<Indoor Rel. Hum 
. 1 + =f ae —+4—= 





> & 
seat 
ie 
US MS a 
70 
60 
50 








t 


tharrnedity 
, 


in. Fer Cen 





Ke: 


| 





« OF ee | | | Cutdoor Dry Bulle 
284s > > | > > + > t ; 
ge si | | | | 
pl 177 | indoor Dey Butta x tas 
es an 4 | = 

sort + + + ; + ; + 
— + + + s 





Heat Absorbed by Cooling Coil 
=e eee 


8 









SS} 


Condensing ldeut Operating 





Cooling Load in 


Thousands of Btu. per hour 


S) 
| 
; 
| 
+ 


> > rH + 
al 
—-~4 


Recirculation — 

















Night Cooling —* 
tan 8 4) leman =92Pm 4 6 a /Orm 
Time in Hours 





Fig. 2—Graphic log of air temperatures, relative 
humidities and cooling load. Test No. 2. Series 1-38 
June 23, 1938. Capacity 18,000 Btu per hour 
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Fig. 3—Variation of daily maximum indoor 

temperature with outdoor median temperature. 

Research Residence data. Summer of 1938. 
Series 1-38 
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Fig. 4—Heat absorbed by cooling coil per day. 
Research residence data. Series 1-38 
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temperature, lor operating condiuions as miainta 
1938, are shown by the solid line in Fig. 3 w 
cides with the curve for 1937 in the upper range. S 
the daily median temperature S3 | 
on three days d ing the cooling seas . 
pacity of the condensing unit was sufhici« 
satisfactory conditions for practically the « e st 
However, the analysis presented in a pr us pape 
indicated that for an average season thx 
condensing unit would not have maintain¢ itis 
conditions on 10 days during the seaso1 
would undoubtedly be exceeded in a severe s 

Che total cooling load for the day, « 
total Btu absorbed from the air in the 
time during which the machine was act 
is shown in Fig. 4, plotted against tl evr 
day The base value of 80 F was sel 
rather than that of 85 F which | ( 
because it was found t vhen ft ( 
it an indoor temperature « 
nanny days oO Tl the XII P ‘ 
was less than &5 | Considerabl ( ( 
from the mean curve are to be expect 
sun effects, which influence the cooling 
rectly dependent upon the degree ul \ 
amount of cooling with air from outd ‘ 
lirectly reflected in the c ling loa equ ‘ 
nul iber oT legre¢ | urs Ii I l ( 


in Fig. 4 can be used to estimate the seas 


heat absorption required under similar « 

' 

pial t ope ition 10 inv season tor whl ( ] C 
] ’ } 7 } ) ‘ ' 

1eprTrec ours ity ‘ si | correspon ne 

; ' 

he season is known 


( no 5 Stoo j ‘ r 
Sa ‘ 2 aN ) 
Lhe test mad August 2, 1938 
typical of the operation obtained when thi ill capa 
Conaensing unit Was used and cooled a Wa cit ve 
ml to the ré ms on the Sect nd Story ( result 
shown in the second column of able 3 and in Fig. 5 
(utdoor air had been circulated through the entire 
] ] ™ ] } tect TD, 
auring the might preceding the tes At # UU 
wind ‘ 1 ] ] ‘ as ee oo : j _ 
Windows were ciosed, and recirculialtiio Wa evu 
all of the air distributed to second story rooms 
) | 
lensing unit was started when the temp 
second story reached 77.5 F 
\ id lractint ‘ 1 leta, loses sulla? sere } 
rapt reaquction il Clallv¢ unl y occu cr 
he hen ti - a tind 
second story when the conaecnsing u Was Startes 
? 1 } . mm «4 Sea s~4 
12:09 p. m. This was accompanied by a s edu 
in dry-bulb temperature and resulted in a marked de 
crease in effective temperature he re ( ’ 
ind dry-bulb temperature on the first story were affe 
. ae of 7 ' 
in a manner similar to those on the second s 
somewhat lesset aegree The result was that a sat 
tory effective temperature was obtained on both stort 
with cool air introduced only on the second story 
] ] . , , 
return alr gruies wert located on ( - n 
s oF ] ‘ } ] 
two lower Stall sers, and this 1ocation undouvt(ce i 
entuated the natural tendency tor the co } f ora 
tate t the lower stor lt eneral, thi 1its 
] ‘ } . ‘ 1}! 
that if partial cooling 1s to be use s advisable 
cate the cool air outlets on the second story rathet 
‘ ( Ne N 
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the first, particularly if the return air grille is located on 
the first story. It is possible that in some cases first 
story rooms remote from the stairway may not be greatly 
affected. This did not seem to be true in the Research 
Residence, in which case the whole lower story was 
affected by the cooling on the second story. It was ob- 
served, however, that without positive circulation of air 
on the first story, any additions to the usual number of 
occupants, or any additional heat sources, soon pro- 
duced unsatisfactory conditions in the rooms more re- 
mote from the return grille and the stairway. 


Cooling on Second Story with Large Capacity Unit 
(.Sertes 4-38) 

The results obtained when the condensing unit was 
operated at a capacity of 30,000 Btu per hour and cooled 
air was delivered only to the rooms on the second story 
are shown in the third column of Table 3 and in Fig. 6. 
\ schedule of operation similar to Series 2-38 was used, 
with air distributed only to second story rooms after 
7:00 a. m. following the cooling with outdoor air during 
the night. However, since the capacity of 30,000 Btu 
per hour was ample to maintain a constant temperature 
in the house, before the condensing unit was started the 
temperature on the second story was allowed to rise to 
78.5 F instead of the 77.5 F which was used with the 
smaller capacity in Series 2-38. On account of the high 
humidity conditions prevailing a starting temperature of 
78.5 F on the second story was used instead of approxi- 
mately 80 F which was used in 1934. With this starting 
temperature the house was maintained at an average 
temperature of approximately 78 F. 

It may be noted from Fig. 6 that even the compara 
tively low starting temperature of 78.5 F was accom 
panied by a véry high humidity which resulted in an 
effective temperature higher than 75 deg at the start of 
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Fig. 5—Graphic log of air temperatures, relative hu- 

midities and cooling load. Test No. 34. Series 2-38. 

August 2, 1938. Capacity 18,000 Btu per hour. Re- 
circulation on second story only 


20 


Section 





the test. Also the intermittent operation of the « 
plant produced large fluctuations in relative humidit 
the effective temperature rose above 75 deg duri 
off-periods at the beginning of the test. For most 
test period, however, the conditions were entirel) 
factory. Since effective temperatures above 75 
curred during the off-periods, it follows that con 
in the house were more comfortable on hot days, 
the plant operated with long on-periods, than they 
on mild days, when the plant operated with sh 
periods and more frequent off-periods. 

During the entire test the temperature on th: 
story approximated the temperature on the second 
quite closely. Humidity conditions were even 
since, as shown in Fig. 6, the relative humidity . 
first story was approximately equal to the average 
extremes occurring on the second story, and so r 
in more uniformly satisfactory effective tempera 
The effectiveness of cooling on the first story wa 
ject to the same limitations as those discussed 
nection with Series 2-38. 


Rate of Reduction of Temperature on Second 
(Series 3-38) 

During the summer of 1937° a series of tests was 
in which the first story was cooled during the da 
the second story at night. The condensing unit 
ing at a capacity of 18,000 Btu per hour was used. \\ 
the cooled air was first distributed through the r 
on the second story, the reduction in temperatu 
relative humidity was quite rapid. However, the r 
tion in temperature occurred very slowly after th 
hour due to the effect of the heat absorbed in th 
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ture, and amounted to 0.7 F per hour. The tests 


Loc. Cit. See Note 1 
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Fig. 6—Graphic log of air temperatures, relativ' 

humidities and cooling load. Test No. 46. Serie: 

1-38. August 23, 1938. Capacity 30,000 Btu per how 
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caicd that a comparatively large plant would be required 
to effect a rapid decrease in indoor air temperature. 

order to obtain comparative data on the reduction 
of temperatures and relative humidities, a similar series 
of tests was made in 1938 with the condensing unit ope: 
ated at a capacity of 30,000 Btu per hour. The operat 
ing characteristics for a typical day are shown in Fig. 7. 
From 2:00 p. m. to 6:30 p. m. cool air was delivered only 
to the rooms on the first story and the temperature was 
maintained at approximately 79 F. During this period 
the temperature on the second story rose to 83.3 F. From 
6:30 p. m. to 9:40 p. m. cool air was distributed only to 
the rooms on the second story and the air temperature 
was reduced 4.8 F. During this same period the relative 
humidity on the second story was reduced from 66 pet 
cent to 51 per cent and the effective temperature was re 
duced from 78.6 deg to 73.0 deg. 

The curves in Fig. 7 showing the rate of cooling on 
the second story have been reproduced (curves No. 1) 
in Fig. 8, together with similar curves from two other 
tests. The curves labeled No. 2 show the results ob 
tained when the temperature on the second story was 
allowed to rise to 87 F before cooling was started. The 
broken-line curves designated as No. 3 have been re 
produced from the 1937 series of tests with the condens 
ing unit operating at a capacity of 18,000 Btu per hour 

It may be observed from curves Nos. 1 and 2 that the 
rate of cooling on the second story as measured by the 
decrease in dry-bulb temperature, relative humidity, and 
effective temperature was practically the same for start 
ing temperatures of 83.3 F and 87.0 F. However, this 
increase in the temperature at which cooling was started 
lengthened the time required to lower the temperature 
on the second story to 80 F, resulting in a total time of 
five and one-quarter hours instead of one and one-quar 


ter hours. Assuming that it is desirable to cool the se 
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Fig. 7—Graphic log of air temperatures, relative 

humidities and cooling load. Test No. 40. Series 
ja-38. August 9, 1938. Capacity 30,000 Btu per 
hour. All air to second story after 6:30 p. m. 
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ond story to 80 F in not more than thre 
maximum allowable temperature at the beginnir 
period should not exceed 85 F with a < 
operating at a capacity of 30,000 Btu pe: 
initial air temperatures exceeding 85 | 
plant would be required. 

When the condensing unit was operat: 
of 18,000 Btu per hour (curves No. 3), the te: 
on the second story was reduced 4.0 F in the 


hours, indicating that this capacity was sufficient 
when the starting temperature did not exceed 84 | Lhe 
relative humidities during this period wer: ghetr 
those maintained when the large capacity plant was ope 
ating, which in turn was reflected in higher eff 
peratures. In general, the curves Fig, & 

an increase in the capacity of the condensing 

18,000 to 30,000 Btu per hour did not materially ine 


the rate of cooling on the second 
hour of operation, but did decreas« 


quired to reach a predetermined temperature 








Results Obtained with Heat-Flow Meters 

The data obtained from the two heat-flow met 
lations for a total of 20 davs were plotted 
ous chart which was used as a basis for th 
results \ typical section from the chart 
lated section of the west wall, which was exp 
sun in the afternoon, is shown in the lowe: 

Fig. 9. From the 1937 data a similar day was sek 
ind the temperature curves for the uninsulated we 
were plotted, as shown in the upper part of Fig. 9 
may be noted that the temperatures wer 

Bees yy ae ' 13) 

changing and that thermal equilibriw 

tained. 

The two intermediate curves in Fig. 9 show 
amounts of heat passing through the inside surface 
the uninsulated and insulated walls, as 
readings of the heat flow meter lhe meter 
directly below the thermocouples install 
temperature gradients through the wall ( 
values of the heat actually transmitted int the 
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Fig. 9—Graphie log of temperatures and heat flow for 


Research Residence data 
of 1937 and 1938 


uninsulated and insulated walls. 
for west wall. Seasons 


measured by the heat-flow meter, were 5.30 and 1.05 Btu 
per square foot per hour for the uninsulated and insu- 
lated walls respectively. The maximum rate of heat flow 
into the room for the uninsulated wall occurred at 5:30 
p. m., whereas that for the insulated wall occurred ap 
proximately four hours later. The results obtained in 1937 
indicated that the average time lag from maximum out- 
door air temperature to maximum indoor air temperature 
was approximately two and one-half hours. The results 
from the 1938 tests indicate that this average time lag 
for the insulated wall was of the order of six and one- 
half hours. The total amount of heat per square foot 
transmitted into the room during a 24-hour period was 
obtained by integrating the area included between the 
curves of heat flow and the zero line. The values were 
27.74 Btu per square foot for the uninsulated wall and 
9.55 Btu per square foot for the insulated wall. 

The curves shown in Fig. 10 represent average condi- 
tions data obtained over a wide range of 
weather conditions. Hence ratios based on these curves 
are more representative than similar ratios based on the 
individual days shown in Fig. 9. Both the data for the 
maximum rate of heat transmitted into the room and the 
total heat per square foot transmitted per day, as meas- 
ured by the heat-flow meter, were plotted against the 
maximum value of the temperature of the outdoor sur 
For a comparatively hot day in which 


based on 


face of the wall. 
the maximum surface temperature on the west wall was 
130 F the ratio of the maximum rates of heat transmis 
sion for the uninsulated and insulated walls was approxi 
mately four to one, as compared with a ratio of 6.0 to 1 


based on the calculated coefficients of heat transmi 
The curves for total heat transmitted per squar 
through the west wall per day, as shown in the 
part of Fig. 10, indicate that the ratio of the total 
transmitted through the uninsulated and insulated 
for a hot day was approximately 2 to 1. In both 
for a milder day, in which the maximum surfac: 


perature was less than 130 F, the ratios were smal 


From a practical standpoint the curves indicat: 
the application of a substantial amount of insulati: 
duces the maximum heat flow through the walls 


amount only two-thirds of that indicated by the ra 


the calculated coefficients of heat transmission f 
walls. However, the use of insulation delays th 
at which the heat input reaches a maximum value s 
hours beyond the time at which the design calcul 
of heat gain are generally made. Since the calcul 
of heat gain from a structure are based on maximur 
siderations, the fact that the maximum heat flow ¢! 
an insulated wall occurs so much later than other 
reconsiderat! 


mum conditions indicates that some 


the methods employed in calculating heat gains in 


structures may be advisable. In event, th 


of the maximum heat transmitted through the wal 


any 


square foot per hour has direct bearing on the 


sizes of plant required for structures with uninsi 


walls and those with insulated walls. On the othe: 





the ratio of total heat transmitted through the walls 
square foot per day has direct bearing on the relativ: 


of operation, once the proper size of plants has bee 
The results indicate that the apparent red 


lected, 


in the maximum rate of heat flow through walls a 


as calculated from the coefficients of heat transmi 
would be five-sixths, or 83.3 per cent, while the 
reduction would be three fourths, or 75.0 per cent 
is, the actual reduction would be 90.0 per cent of 

parent reduction. Hence, if the heat gain throug! 
was 25 per cent of the total heat gain, the actual 

tion in heat loss, and therefore the permissible red 


a 
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Fig. 10—Maximum and total heat transmit- 
ted per day through uninsulated and insu- 
lated walls. Research Residence data on 
west wall. Seasons 1937 and 1938 
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ant size, to be eftected by the use of insulation would 
be approximately 97 per cent of that calculated from the 


In 


coefiicients of heat transmission. In the case of the total 
heat transmitted daily through the walls the apparent re 
duction would again be five-sixths, or 83.3 per cent, but 
the actual reduction would be one-half, or 50 per cent, 
and the actual reduction would be 60 per cent of the ap- 
parent. In this case, if the heat gain through walls rep 
resented 25 per cent of the total, the actual reduction in 
daily heat gain, and hence the reduction in operating cost 
would be approximately 90 per cent of the apparent re 
duction as calculated from the coefficients of heat trans 
mission, These results further indicate the necessity for 
additional investigation, probably under laboratory con 
ditions, of the heat flow through walls as affected by 
evelic variations in temperature on one or both sides 
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in the wall was occurring simultaneously to the 

and to the indoors Che calculated valu ' 
mission are of little significance undet 

the significant values being given by the heat-flow 
which on account of its location on the inside ' 
of the wall measures the actual flow of lhe 

room It may also be observed 


readings of thermocouples Nos. 3 and 4 
a day on which the maximum outdoor temperatur 


reached 100 F, the temperatures in the 


were definitely reduced to a tempet 

that of the mdoor ai Hence ypare ‘ 
material storage of heat in the insulat 

over to the following day an be 

the case of a successior f he 
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Fig. 11 


times of the day. 


lhe comfort conditions maintained in a given space 
are dependent not only on the temperature and humidity 
of the air, but also on the surface temperatures of the 
valls, to which the occupants are exposed. It may be 
bserved from the curves labeled No. 2 in Fig. 9 that 
the inside surface temperatures of 
aried from hour to hour. For the purpose 
parison, temperatures taken from Fig. 9 have been re 
plotted and shown as temperature gradients through the 
walls in Fig. 11. These temperature gradients indicate 
that the inside surface temperature of the uninsulated 
wall attained a maximum value of 86 F, while that for 
the insulated wall attained a maximum value of only 81 
, as compared with an indoor air temperature of ap 
proximately 78 F in both cases. Hence, with the same 
ndoor air temperature, the insulated wall provided con 
litions which were the more suitable for comfort. 

The temperature gradients for both the uninsulated 
ind insulated walls indicate that at certain times of the 


(ay the temperatures in the studding space were higher 


the exposed wall 


of com 


than these of both the indoor and outdoor surfaces of 
the wall. That is, under these conditions the heat flow 
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Temperature gradients through uninsulated 
Data from west wall. 


different 


sections at 
1938 


and insulated wall 
Seasons of 1937 and 


Summary and Conclusions 


nclusions may he 


‘The 


sidered as applying to the 


following summary and c 


Researcl Residence and 


conditions under which the tests were conducted 
(1) In order to maintain the same effective temperat 
unit having the smaller capacity was operated to maintain a 
or dry-bulb temperature somewhat lower tl t 
with a unit having a larger capacity Furthermore, it wa 
visable to allow for a rise in the indoor temperatur« 
when the cooling plant did not have sufficient capacity t 
tain a constant temperature 
(2) The cooling capacity of 18,000 Btu per 
t be sufficient for both stories for davs on whi the 1 
outdoor temperature rose to 95 F and the minin " itd 


perature during the night preceding the test did not exceed 


Che daily median temperature (average of maximum and 1 
imum outdoor temperature) of 83 F may be 
upper limit of the range of satisfactory applicat 
sized condensing unit 

(3) Subject to limitations over a small 


season, the use of a cor 


t be feasible for residences espn ll m ti 











Sa 


the initial cost of installation is a more important factor than 
the maintenance of ideal indoor conditions. 

(4) In the case of the Research Residence, satisfactory cool- 
ing on both stories was accomplished by the introduction of 
cooled air on the second story only. The application of this 
principle in general may be limited by the arrangement of the 
first story, particularly with respect to the location of the return 
air grilles and the location of rooms remote from the stairway. 

(5) By introducing air on the second story only and increas- 
ing the capacity of the condensing unit from 18,000 to 30,000 Btu 
per hour the time required for cooling the second story from 
83.5 F to 80 F was reduced from approximately 2% hours to 
1’ hours 

(6) The studies made with heat-flow meters indicated that 
considerable discrepancy existed between the measured values 
and the calculated values of the heat flow through the wall. 
Furthermore, thermal equilibrium was never attained in the wall 
section under actual conditions. 

(7) In the case of the uninsulated wall the average time lag 
between the attainment of maximum temperature outdoors and 
maximum temperature indoors was approximately 2% hours. In 
the case of the insulated wall this time lag was approximately 
6'4 hours 

(8) The application of insulation to a frame wall materially 
reduced the maximum hourly heat flow and the total heat flow 
through the wall per day. However, the reduction in both the 
maximum and total heat flow was less than that indicated by the 
ratio of the calculated coefficients of heat transmission of the un- 
insulated and insulated walls. 

(9) The application of insulation reduced the temperature ot 


the inside wall surface thus resulting in conditions n 
ducive to comfort for a given air temperature than tl 








duced by the uninsulated wall. 

(10) The insulated wall cooled to a temperature 
mating that of the indoor air by 2:00 a. m., thus indicat 
there was no material storage of heat in the insulati 
carried over to the following day and to become cumu! 
the case of a succession of hot days. 
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First Fall Meeting in Atlanta 


7 inaugural Fall Meeting of the Society will be 
held in Atlanta, Ga., October 30 and 31, with the 
Atlanta Chapter as hosts. 

It is planned to have three Technical Sessions, a get- 
together luncheon, a banquet and dance and a program 


* special entertainment for ladies. 

Since the July meeting, when the Council accepted 
the cordial invitation of the Atlanta Chapter members 
to be hosts for the Fall Meeting, a General Committee 
on Arrangements has been appointed consisting of: L. F. 


Kent, General Chairman’; C. T. Baker, Vice-Chairman: 








Broad St., Atlanta, looking north 


ee Templin, Reception ; S. W. Boyd, Regist! 
and Sessions; E. W. Klein, Banquet; T. T. Tuc 
Ladies; A. H. Koch, Sports; G. H. Brodnax 
Transportation; M. M. Crout, Publicity; and | 
Cole, Finance. 

According to the announcement of Pres. J. F. Mc 
tire, the Council will hold its fall meeting at the Atlant 


Biltmore Hotel on October 29 preceding the genera 
ciety meeting. 

The Atlanta Chapter members are enthusiastic 
the prospect of entertaining the Society and as this 
the first chapter organized in the south, its met 
keenly appreciate the responsibility of acting as 
for the first Fall Meeting and the first Society 
to be held in a southern city. True southern hospi 
awaits ASHVE members in Atlanta October 30-3! 





National Mineral Wool Day at World's Fair 


The National Mineral Wool Association held a |wu 
the Casino of Nations at the World’s Fair, New York or 
day, July 13, in observance of National Mineral Wool 
preliminary gathering in the Casino of Nations at 
followed by luncheon at 1:00 p.m. A tour of the grot 
conducted at 3:00 p.m. to 56 buildings, and later a 
those present visited the two summer comfort test 
East Floral Park, L. I. 

Guest speakers were Prof. F. B. Rowley, University 
nesota, on Engineering Tests on Mineral Wool; 1 
New York State Director, Federal Housing Admu 
R. H. Shreve, architect, on Mineral Wool as an Insul 
Masonry Walls; and A. W. Canney, on Rational Basi 
termining Thickness of Insulation. 
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|The Effect of Vibration Upon Free 


Convection from Horizontal Cylinders 


By R. C. Martinelli*® and L. M. K. Boelter 


HE rate of heat transfer from a 0.75 in. diamete: Apparatus 
horizontal cylinder, being vibrated sinusoidally as 
a whole in a vertical direction, to surrounding he apparatus utilized to me 
water has been determined experimentally The ampli transfer consisted of a horizontal cylinder 0.75 
tude of vibration of the cylinder was varied from zero to diameter and 125 in. effective lengt 
0.10 in. and the frequency of vibration from zero to 40 brated as a whole in a vertical dir 
cycles per second. The difference in temperature be cylinder axis), by means of a conne 
‘ween the cylinder and the surrounding fluid was varied mechanism \n electric heater and thet 
‘rom & F to 45 F enclosed in the cylinde: 


[he experimental results have been correlated using he cylinder was placed in the cent 
+1] ] +] 


‘ ° , ly d -] nl } ( TT ite Ty 
he dimensionless parameters, Nusselt (Nu), Grashof cyinarical tank hiled W Wa 


experimental station is shown i t 


} tine 7 ] 


Gr), Prandtl (Pr), and Reynolds (Re). In the Reyn 
the cylinder with conne 


ids number used in the correlation the velocity term ; 
nism are illustrated in Fig. 2 


represents the root mean square velocity of the vibrating ols 
: he temperature of the cylinder 
| 


ylinder. 

, . : . the 
Velocities of vibration yielding magnitudes of Reyn 
lds’ Modulus less 


ambient water, tl 


frequency of vibration and the amplitud 





mp were measured during eac! 
than a critical value . 
Che amplitude and trequency t rat ! A ‘ 
about 1000), have : reas 
constant tor tour runs, while t 1x 
no effect on the ; 
- neater was varied in order to note the ett t ’ tive 
rate of heat transter ; - ee ae 
convection modulus (tsrashot s \] lili 
from the cylinder , 


cal transfet 
within the range of 
experimental data, 
5 xX 10° = Gr-Pr 


>> 30°). At 


Discussion of Results 


| Lhe re sults ( ‘ tests are C ‘ 
these low veloc and } Fig 3 reveals the hb ul 

ities of vibration portional to the film transfer fact 

the heat loss from water) as a function of the fre 


the cyl er 1 ] 
; inder is times the fluid property modulus (Gi 


largely due ree : *™ 
gely due to free magnitudes of Reynolds Modulus Ie It 


} 


onvection forces: . 
Ces ; noted that for no _ vibratio1 ul tol 


that is, the differ . - a ' "1 
Re (less than 1000) the data obtained checks we 


ence in tempera 





| | the free convection data for stationa y i 
ture betwee - ] lu] 
at en the by others. As Reynolds’ Modulus (R: , 
cylinder < ; ’ 
; bi ee re beyond 1000, a new curve of Nu vs Gr-> Pr is obtain 
ambient uk de- — : . 
for each magnitude of Re, the value of ue inere 
termine s the rate Fig. 1—Arrangement of apparatus with increasine magnitudes of Re: ly Iditior 
of heat transfer eas . er. as See 
1c R ane Fe variation of Nusselt’s Modulus (Nu) with G1 y 
5 Reynolds Modulus | velocity of vibration) is in : at | ‘ ! 
a - I th; ie 4 - portional to the tree convectior1 rorces aecreas 
Casec beyond this cr _ ¢ . * rate “< “ans ; ; " 
. * iS Critical value, the rate er eat tran the velocity of vibration increases until at a magnitud 
increases with < “rease locity Di t ’ = y, ’ 1 ! 
in increased velocity of vibration. A of Re equal to about 7000, Nu is independent 


sufhciently high magnitude of Reynolds’ Modulus, the 
+) 


r —. ; me: free convection forces and depends upol Ire 
elect ot tree convection becomes negligible and 


, if This result follows because the role of the free conve 
reed convection due to the vibration controls. “ | ] ller iy rtar { 
Extra lation f the data be 1 tl mental tion heat loss becomes of small portance a 

a] é oO 1 data beyond the experimenta vibrational velocitv is increased 

its for each variable, or their application to other Cross plots of the curves in Fig. 3 are shown in ] 
oundary conditions, is not recommended + and illustrate clearly the variation of Nu with R 

*T 

an eer, Shell Oil Co., Martinez, Calif 7 ‘ 

A ssor, Mechanical Engineerir g, University f Califor RB - M Tras wm. ‘ | \ 
att it the Semi-Annual Meeting of the AMERICAN SocterTy din x f# ; nies 
— ND VENTILATING ENGINEERS, Mackinac Islan Mich ] ge tas etts s . \ " 
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for constant values of Gr. Pr. An algebraic expression 
relating Nu, Re and Gr.Pr has been derived semi- 


analytically : 





(Gr-Pr) 

Re = Nu ]/ 12,000 — 20 -- .(1) 
Nu’ 

As seen in Fig. 4 the expression conforms to the experi 

mental data quite well. Complete details of the deriva- 


tion of equation (1) will be found in reference 1. 
Several Examples of Application of Results 


A tube % in. in diameter carrying steam is being used 
to heat water to 150 F. 
What amplitude of vibration (of the tube) is required 
to double the heat transfer rate if the frequency of vibra 


The steam temperature is 250 F. 


tion is 30 cycles per second ? 

1. Computation of the thermal conductance per unit area for 
stationary tubes. Reference 2, page 249, indicates Nu = 0.525 
(Gr-Pr)*/*, an empirical relation between Nu and Gr-Pr for 
stationary tubes applicable in the range 10° <—Gr-Pr = 10". 
Che product Gr-Pr may be rewritten as follows 
p’'9°BCp 

— (ft) (F 


Gr-Pr=ad A t, where a = 


5600 uk 





a. Horizontal cylinder 





b. Cylinder support Cc. 





Connecting rod and crank 


View of cylinder with connecting rod and vibrating mechanism 


Section 


Magnitudes of a for water and air are obtained fro 


erature : 
a = 18.5 10° (ft)* (F) “at an average temper 
200 F 
d= % X 1/12 = 4.16 X 10° ft 
At = 250 F — 150 F = 100 F 
*, Gr-Pr = 18.6 X 10° 
= 13.4 X 10° 
Nu for stationary tubes 
Nu = 0.525 (13.4 & 10°)*“* = 31.8. 
To double the film conductance per unit area Nusselt's 


(4.16) °° 10 100 


(Nu) must be doubled. Thus, the magnitude of Nu 


31.8 * 2 = 63.6. Substituting the magnitudes 


Gr-Pr into equation (1) yields 





3 
13.4 * 10 
Re 63.5 12,000 20 1 
(63.6 )* 
awdp 
6950 
V2u 
However 
w = 30 X 2a 189 radians per second 
d=%X 1/12 4.16 X 10° ft 
u/p 0.34 * 10° ft’ per second for water at 200 
a 1.414 0.34 * 10° * 6950 


189 * 4.16 K 10“ 
4.23 « 10° ft 
0.051 in., the amplitude required to double 
Che total displa 


the tube is twice this magnitude, that is, 0.102 i: 


transier rate at 30 cycles per second 


If a body is losing heat in air, the vibration 
effective in increasing the rate of heat transfe: 


ry ‘ 
This al 


would be if water is the ambient fluid. 
be shown by comparing the magnitudes of the 
of vibration which yield the same value of R¢ 


Modulus (Re) in air and in water 


awdp 1wdp 
Let = 
V2u air V2u watt 


l‘or the same tube diameter, 


(aw) an (p/m) wate 
date dwater; then 
(aw) watel (p/m) air 
(p/m) water 2.93 10 . 
rt 
Se¢ 
(p/matit t.14 10 


The ratio of the vibrational 
required in air to that required 
to give the same Re is 70.3:1 
lows that wibrating a body in 
have no effect on the rate of he 
fer, until it is vibrated about 70 t 
fast as would be necessary in te 

The purpose of this paper has 
present quantitatively the effect 
bration on free convection. T! 
of vibration in air at frequen 
displacement amplitudes norn 
countered is negligible. How 
water the effect becomes appreci 
increase over free convection hi 
fer being four fold for Reynolds’ M 


equal to 10,000, For Reynolds 
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Fig. 3—Variation of the boundary modulus (Nu) with 


product of free convection modulus and fluid property 
modulus (Gr Pr) for various magnitudes of Reynolds’ 
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Fig. 4+—Boundary modulus (Nu) as a function of Rey- 


nolds’ Modulus (Re) for two magnitudes of (Gr Pr). 
Experimental points and the graphical representation of 
the empirical equation 


lus less than 1000 no appreciable effect of vibration is 


, 


) 


er 


{ the apparatus behavior prediction is 


The 


odulus at which vibration becomes effective increases 


bserved. minimum magnitude of Reynolds’ 


| 


free convection rate of heat trans 


fluids 


ith an increase in 


For heat transfer to similar to water, in 


pparatus subjected to vibration, a liberal design results 


~ 


}. 


base d upon data 


ined from stationary equipment. 
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Exposition Advisory 


The Sixth International Heating and Ventilating Exposition, 
e held in Cleveland, Ohio, January 22-26, 1940, will bh 
representative of all branches of the industry, judging by th 


t companies who have already taken space. A total of 230 


rms have engaged over two-thirds of the available exhibit 

space. The Exposition will be held in Lakeside Hall, a part 

the Civic Center in Cleveland. This comparatively new 

it is conveniently situated and offers modern facilities 
apted to exhibit requirements. 

"he Advisory Committee of the Sixth International Heating 

| Ventilating Exposition, composed of leaders in the industrial 


presented, has recently been announced. J. F. McIntire, 


president of the ASHVE, is chairman of the committe 


d ot r ASHVE representatives are: F. E. Giesecke, Colleg: 
Station, Tex.; W. L. Fleisher, New York; E. H. Gurney, 
ronto; M. F. Blankin, Philadelphia; J. H. Walker, Detroit ; 
G | uve, Cleveland; John Paul Jones, Cleveland; L. T 
Heaven, Piping anp Am Conprrioninc, Aveust, 1939 
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CORRELATING THERMAL RESEARCH 








As a part of the efforts of 


the ASHVE Research Laboratory to correlate research in thermal engineering carried on by the 


many institutions engaged in such work, and to disseminate the published results of such studies together with other reports of 
progress in the field, and in order to make this information available to the membership of the Society, there is published monthly 
on this page a limited number of brief abstracts of articles which it is believed will be of interest to all concerned. For more 


complete lists address the Librarian, 
F. C. Houghten, Director. 


Kluid Flow. Jndustrial and Engineering Chemistry, Vol. 31, 
No. 4, April 1939, pp. 407-486. Twelve papers :—Introduction to 
Fluid Flow, by Warren L. McCabe; Selection of Pumps for 
Chemical Service, by Ward E. Pratt; Turbulence and Diffusion, 
Dryden; Pressure Drop Accompanying Two-com 
ponent Flow through Pipes, by L. M. K. Boelter and R. H. 
Kepner; Liquid Holdup and Flooding in Packed Towers, by 
J. C. Elgin and F. B. Weiss; Reduction of Shock Pressure in 


Solvent Delivery Lines, by Howard S. Gardner and John H 


by Hugh L. 


Folwell; Correlation of Rotameter Flow Rates, by John C 
Whitewell and David S. Plumb; Eddy Diffusion, by W. L. 
Towle and T. K. Sherwood; Effect of A Screen Grid on the 
lurbulence of an Air Stream, by W. L. Towle, T. K. Sherwood 
and L. A. Seder; Performance of Ejectors, by Lincoln T. Work 
and Vincent W. Haedrich; Fluid Resistance in Pipes, by M. P 
O'Brien, R. G. Folsom and Finn Jonassen; Concentric-cylindet 
Motor-driven Viscometer, by Wilhelm and Wroughton 
o 
Recent Developments in Pipe Protection, by C. H. S. Tupholme 
Colliery Enginecring, Vol. 16, No. 181, March 1939, pp. 101-02 
Pipe corrosion in underground pipe systems depends on local 
factors of installation, as soil conditions and drainage, and upon 
uniformity of the pipe and the surface finish of the pipe. Ex 
planation of cathodic protection. The use of coating materials 
for protection and some methods of applying them 
+ 
[Typical Analysis of Water Hammer in a Pumping Plant of 
the Colorado River Aqueduct, by R. M. Peabody. ASMI/ 
Transactions, Vol. 61, Feb. 1939, pp. 117-124 Method of 
analysis of surge conditions in a pumping system by arithmetical 
integrations, an extension of the work by Knapp. Analysis util 
izes step-by-step method, includes complete characteristics of 
pumping system, and determines their effect upon surge condi 
tions. Valve characteristics included 
e 
Loss of Heat from the External Surface of a Hot Pipe in Air, 
by A. Bailey and N. C. Lyell. Engineering, Vol. 147, Jan. 20, 
1939, pp. 60-62. Description of an investigation to determine 


the heat loss from the external surface of a horizontal pipe in a 


series of temperatures extending to 1000 F. 
. 

Rates of Water Vapor Adsorption from Air by Silica Gel, by 
J. Elston Ahlberg. U. S. Naval Research Laboratory, Wash 
ington, D. C. Report of experimental study of rates of adsorp 
tion of a condensable vapor contained in a non-condensable gas 
by a granular adsorbent. Silica gel and air containing variable 
amounts of water vapor were used 

° 

Trends in Air Conditioning, by Howard E. Degler. Plumbing 
and Heating Journal, Vol. 106, No. 5, May 1939, pp. 30, 31 and 
58. Discussion of smaller air conditioning systems, of attic fans 
for night cooling and of ice air conditioning systems 

7 

The Design of a Central Warming Scheme for a Block of 
Flats in an Eastern Country, by Louis J. Overton. The Heating 
and Ventilating Engineer, Vol. XII, No. 143, May 1939, pp 
199-501. Discussion of heating necessary in tropical dwellings, 
and a system suitable for heating a block of flats which will 


satisfy such conditions. 
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ASHVE Research Laboratory, U. S. Bureau of Mines Experiment Station, Pittsburgh, Pa 


W. L. Fleisher, Chairman 
CoMMITTEE On ResEARcH 


Climatic Data for the Design and Operation of Air | 
ing Systems in Florida, by N. C. Ebaugh and S. P 
Heating and Ventilating, Vol. 36, No. 5, May 1939, | 
Data for both winter and summer air conditioning 
bulb temperature extremes and normals; (2) wet-bulb ¢ 
ture extremes and normals; (3) degree-days of heati: 
and degree-hours of cooling season. 





* 

Equivalence of Coal to Oil for Heating Larg: 
Buildings in New York. Heating and Ventilating, Vol 
May 1939, pp. 46-47. Report of tests made on heat 
apartment buildings. Sixteen large income propert 
heated, eight with coal and eight with oil, under simil 
tions. One hundred seventy-five gallons of oil wer 
be equivalent to one ton of anthracite coal 


7 
Thermostatic Heat Control, by F. G. Czechowicz 
Vol. 35, No. 5, May 1939, pp. 5-7. How the active 
chant can sell thermostatic heat control equipment to ad 
7 
rhe Advantages for an Atmosphere Control Roon 
continuous Record of Oxygen and Carbon Dioxide, 
Bullowa and Grace Lubin. The American Journal of t/ 
Sciences, Vol. CLXXXI, April 1931, No. 4, pp. 460-467 
tion of apparatus for measuring oxygen by continu 
air. The thermoconductivity instrument records on a 


‘hart at intervals of one minute both the percentag: 
tion of oxygen and the per mille concentration of car! 
e 

Ultraviolet Air Sanitation, by Frederick W. Rol 
dustrial and Engineering Chemistry, Vol. 31, No. 1 
pp. 23-26. Discussion of sterilization of air by ultra 
Bacterial efficiency for ultra-violet light of various wa 
Method of installing lamps in operating rooms and 


of a hospital. 
2 


The Effectiveness of Certain Types of Commercial 
Against Bacteria, by J. M. Dalla Valle. Public Healti 
U. S. Public Health Service, Vol. 54, No. 17, April 28 
Description of a new method for the deter: 


\ 


pp. 695-699. 
of the efficiency of air filters. Diagram of equipment 
ods of operation. 

. 

Water Cooling Tower Fundamentals, by 
Chemical and Metallurgical Engineering, Vol 
three articles: The Theory of Atmospheric Cooling 
Feb. 1939, p. 85; Details of an Empirical Method for Desig 
Atmospheric Cooling Towers, Mar. 1939, pp. 146-149; Met 
for Computing the Slat-surface Requirements of a M 
draft Tower Employing a New Type of Packing (Bibl 
April 1939, pp. 208-211 and 217. 


Edward 


16 > 


e 
Structural Problems Attending Domestic Heating 
ticular Reference to the Use of High Efficiency St 
Cookers, by L. W. Burridge. Journal of the Royal 
British Architects, Vol. 46, Series No. 11, April 


General discussion of some structural prob! 
by 


559-561. 
planation of effect of chimney difficulties caused 
acid gas in flue gas. 
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Pres. J. F. Melntire, Detroit, Mich. 





EMBERS of the Society registered trom 20 I he rst tec] il paper 
states in the United States and Canadian Boelter of the University of (| 
4 provinces at the Semi-Annual Meeting 1939 as entitled, The Effect of tio ! 
| e Grand Hotel, Mackinac Island, Mich., July vection from Horizontal Cvlind by R. ( 
Exceptional interest in the technical sessions was ind L. M. K. Boeltes ( 
I and those who attended count this Great Lakes \ugust 1939 ASH V] fr " ~ 
leeting outstanding in the history of Society meetings nd Air Conditioni ( 
lembers and their families were delighted with the were made by H. M. Hart. ( 
riendly spirit and the splendid hospitality of the host Linsenmeyer, De 
Chapters and greatly enjoyed the delightful progran RK. K. Thulman, Washington, D. | 
ded by the Committee on Arrangements Prot. L. E. Seelev, New Haven, ( 
Hea | w-Cos LOmMes, ! ( rive é tat 
FIRST SESSION— Complete paper published in August 1939 ASH 
JOURNAL SEcTION, Heatti P md Cond 


Wednesday, July 5, 9:00 a. m. 


jl } 
res ] IF McIntire. Detroit, called the first session ot Some discussion was given b KK. bye I 
e Semi-Annual Meeting 1939 to order. ©. D. Mar sas City, Prof. ¢ \ Humphre Pittsburg! ' 
hall, Grand Rapids, Chairman of Activities on Mackinac Tasker, Toronto, H. M. Hart, Cl ind C. Fk, M 
Island, welcomed the Society members on behalf of the Detroit Che prepared discuss 5 or § \ 
Michigan and Western Michigan Chapters and _ briefly New York, and T. H. Urdahl, W » 
lined the program that had been prepared for thei read by P. D. Close, Chicago, | ; 
ent Stark, Cleveland, were given by C. F. Cu 
dent McIntire responded on behalf of the mem d, and those }. ( tts i, 4 
thanked Mr. Marshall and the Committee on New York, were presented by M1) 
ngements for the splendid program that had been Mr. Mayette believed that good progress beet 
repared. Mr. McIntire then gave a brief outline of the in coordinating engineering worl 
that had been undertaken by the Society since tems. Mr. Urdahl’s opinion wa 
he Annual Meeting and gave a resumé of his observa interpretation of the value of the Societ 
hile visiting local Chapters in the south, on the general public was clearly b betor 
ist, and in the middle west. He gave some sta bership by the authors, ar ne express 
ti bout the Society's financial condition, the ele that the paper was helpiul in giving direct 
new members, distribution of Tue GuipeE, and sary elements oi research, standardiza 
nted on some of the important work assigned to ment in heating facilities Mr. Meyer outlined the 
special committees. sults of analysis of the heating method 


| , 
leans Pirinc anp Am Conprrsontnc. Avcust, 1939 








eral large projects and his conclusion was that much had 
been accomplished in the matter of providing economical 
heating for low-cost housing, and much can still be done 
toward reduced cost of installation and operation. Mr. 
Fitts felt that the subject of heating for low-cost hous- 
ing should be a matter of more general discussion by 
heating engineers and complimented the authors on their 
viewpoint that operating cost is of even more impor- 
tance than the initial cost of the system. Mr. Stark be- 
lieved that greater protection should be offered to owners 
of low-cost homes to insure adequate heating equipment 
and recommended that the Society take a leading role in 
rectifying present unsatisfactory conditions which had 
been pointed out by the authors. 

The last paper at the morning session, entitled Evalu- 
ating Performance of Water Heaters Fired with Solid 
Fuels by H. J. Rose and R. C. Johnson, was given by 
Mr. Rose, Pittsburgh. (Complete paper published in 
July 1939 ASHVE Journatr Section, Heating, Piping 
and Air Conditioning). 

Comments on the paper were made by E. K. Camp 
bell, Kansas City, H. M. Hart, Chicago, and W. J. 
Whelan, Detroit. 
by A. J. Johnson, Primos, Pa. 
ments of E. T. Selig, Jr., Pittsburgh, who commented on 


A prepared discussion was presented 
Mr. Rose read the com- 


the variable nature of residential demands for domestic 
hot water and urged the necessity of designs which place 
greater emphasis on performance requirements for user 
satisfaction and convenience rather than on rating and 
output of the units. Mr. Johnson commented on the in- 
adequacy of present-day rating methods and recom- 
mended a complete revision of the system of rating do 
mestic heaters. W. A. Danielson, Ft. Knox, Ky., urged 
the establishment of new rules for testing water heaters 
fired with solid fuels and recommended that manufac 
turers include a name-plate on all equipment giving es- 
sential information on the output of the unit. 

Messages of greeting from W. J]. Olvany, New York, 
president of the Heating, Piping and Air Conditioning 
Contractors National Association, and A. W. Williams, 
Columbus, managing difector of the National Varm Air 
Heating and Air Conditioning Association, were read. 


SECOND SESSION— 
Wednesday, July 5, 1:30 p. m. 


The second session was called to order on Wednesday 


afternoon, July 5, and the paper, Ozone in Ventilation 
Its Possibilities and Limitations by W. N. Witheridge 
and C. P. Yaglou, was presented by Mr. Witheridge of 
Detroit. (Complete paper to be published in ASHVE 
JourRNAL Section, Heating, Piping and Air Condt- 
tioning ). 

Dr. M. B. Ferderber, Pittsburgh, presented written 
comments on his observations of the use of ozone as a 
de-odorizer and quoted the results of research in the 
production and use of ozone by H. F. Smyth, Jr., indus- 
trial fellow, Mellon Institute. 

E. K. Campbell, Kansas City, Mo., 
Membership Committee, was introduced and presented 
his report on the status of Society membership. 


chairman of the 


530 


Report on Membership 


Out in Kansas there is a group of country editors 
made quite a reputation for their wit and humor. On 
was asked why it was that a married man seemed t 
ther than a bachelor and his reply was, “No man runs 
unless there is someone after him.” 

I think it was on that theory that the Council app: 
Membership Committee with a Chairman whose busin: 
to keep after the Chapters and their Membership ( 
and it is not an easy job. 














Giving the statistics on membership, we now hay 
of 3127 members of all grades. During the first six 
1939 we received 215 applications as compared to 237 
tions in the first six months of 1938. During the same ~ 
members have been elected, whereas 554 were electe 
same period of 1938. This large number in the first s 
of 1938 was due to the fact that many applications 
ceived during December, 1937, because on the first 
the $10 initiation fee again became effective 

During the first six months of 1939 there was a |! 
members through resignation, cancellation or death; d 
corresponding period in 1938 there was a loss of 193 
the second six months period of 1938 there were not 
as Only 20 were dropped. Hence, if we can keep 
bership activity going during the balance of this year 


be able to make a fair showing Against the number 


in the first six months of this year (190), 214 member 
been actually elected, making a gain of 24 The ( 
hopes for considerable more gain in the second six n 
There seem to be two theories or two schools 
regarding the Membership Committee’s activities. | 
garded the Chairmanship of the Membership Committ: 
of a sales manager with a crew of salesmen, selected 
one else and over whom I have little or no auth 
have regarded the work of obtaining new members st 
We have 


On the other hand, some Chapters and some memlx 


a sales proposition. something to sell 

considered that active attempts to “sell” members 
Society have been beneath their dignity, and the dig: 
Society 


which particularly upholds that i 


This has had a very natural result in that 

lea has the smallest 

in proportion to population of all of the Chapters 
In my judgment it makes no difference how 

a person has to sell or give away, if he does 

know about it he is neither going to sell nor give 


much, The world makes a beaten path to the doo 


if: 


mouse trap, only when the world knows about it 
in our membership work for someone else to spread 
we are not going to sell or give away or share tl 
of membership in this Society to any great extent 

I regard it as a business of the Membership Comn 
of the Chapter Membership Committees to spread th 
sell membership. This Society is doing a great wor 
know of no other similar Society doing as good wor! 
important work as our Research. Our Research pro 
grown until, including both sides of our cooperative 
it represents an expenditure in the neighborhood of $100,0 


nually. Our research work has developed many tacts 


in the cloudy area when we began this work Phe 
its work have been far reaching. 

So we have something to sell and we have sometl 
that is worth buying on the part of prospective custon 
are giving value received whenever we sell a member 
any man engaged in any of the allied industries, re 
he does material benefits from this Society, should 
to become a member if for no other reason than 
willing to help. 

Having this thought in mind, you will find, as | 
that many times it is necessary only to suggest 
connected with the industry or the profession that 
to his interest to become a member, and that 1s 


? 


st 


Heatinc, Prernc anno Arr Conprrionmnc, Aver st. |’ 





1 If each member of the Society (and I wish you wo 


req i. 
rales s message back to your Chapters) will simply carry it 
n mind to give men of the right sort an opportunity to 
hecs members, you will be surprised at the number of new 
met S who will join 
EK. K. CAMPBELL, Chairn 
MEMBERSHIP COM MITTEI 
The subject, Effect of Size and Type of Air Inlet and 
Outlet on the Heat Output of Convectors by A. P. Kratz, 


Broderick was given by 
ssor Fahnestock, Ill. 
r published in ASHVE Journar Section, Heating, 
ring and Air Conditioning). 


MK. Fahnestock and E. L. 


Urbana, ( Complete paper 


Prot 


Oral comments were offered by E. Holt Gurney, 
roronto, H. M. Hart, Chicago, Prof. F. B. Rowley, 
Minneapolis, and H. J. Young, Muskegon, Mich. In a 
written discussion, W. A. Rowe, La Crosse, Wis., com 
mented on the difficulty of dealing with small air quan 


tities and the problem of getting appreciable capacity 


creases and he expressed the hope that the limited num 
eT of tests would be expanded. RR. H. Norris. Sche ne 
tadv, the 


creat practical value and suggested that further informa 


believed that results obtained so far were ol 


tion would be desirable on the relative flow resistances 


the different heating units used in the tests. J. W 
McElgin, Philadelphia, suggested that the authors in 


the influence of the length of outlet on the 


top 


stigate 


capacity outlet convector, as experience indicated 


at the physical length of the outlet in relation to both 
tive convector length and cabinet length is of major 
mportance. In a joint written discussion by Ernest 
Szekely and C. H. Randolph, Milwaukee, the sugges 
tion was made that three important phases of the prob 
em receive study, the effect of stack height, heating 
ediums other than steam, and effect of baffling bot! 


and outside of the convector 
Prof. F 


\ Theory Covering the 


nside 
B. Rowley, Minneapolis, presented his papet 
Phroug! 
1939 


Transfer of Vapor 
Materials 
\SHVE 


nditt ning ). 


(Complete paper published in 
JOURNAI Heating, 


July 
SECTION, Piping and Au 
New 
M. kK 
In 


men 


Oral comments were made by A. E. Stacey, ]t 
York, Prof. W. T. Miller, Lafayette, Ind., Prof. L 
boelter, Berkeley, Calif., and C. F. Mally, Detroit 

written discussion, E. C. Lloyd, Lancaster, Pa., 
tioned three items for further exploration and com 
mended the author for his contribution toward the solu 


On Ot 


problems presented by condensation in insulation 
ind proposed that actual application of these theories b« 
ade by examining the performance of various types of 
‘tures under highly humid operating conditions. R 
Heilman, Pittsburgh, felt that the paper gave a more 
mplete understanding of vapor transfer and its effect 
on the of moisture in building 
Wharton Clay, New York, favored the wider use of non 


SiTuK 


condensation walls 


ygroscopic insulating materials and suggested humidity 


mts 1 


or low temperature conditions in order to pr 
vent condensation troubles. W. A. Danielson, Ft. Knox. 
\y., said it is now possible for a designer to plan for 
proper insulation where vapor pressures differ on two 


des of a wall and he described the construction of a 
rage plant to show the effectiveness of a vapor 


arrie W. V. Hukill, Washington, D. C.. desired to 
1OW any tests had been made to demonstrate the 
Heatine, Pirtinc anp Am Conpitionine, Aucust, 1939 





tpparen cvcrsal i the aires 
and vapor pressure gradients and hope 
paper giving a fuller discussion of th 
flow and of the laws by which th CK 
travel is evident would be presented, \\ 
helpful to a better understanding of the p1 
McDermott, Manville. N. 7. present | sé 
garding the phenomenon of hygroscopic 
mented on the necessity for determint 
of building structures 

Che final paper of the sess s pres 
Loughead, Detroit, the autho thr 
Protection for Air Conditioning Syste 
paper to be published in ASHYV] 
Heating, P il md ( / 

Those who discussed the pape C1 
Humphreys, Pittsburgh, E. K. Campbell 


3 B. Hewett. New York. H. M. Har ( 
lessor Rowley, Minneapolis ’ 
H. C. Murphy, Louisville, Ky rT 

and ventilating engineers coopera ' 
ection engineers and oftered s e , 
roofing of air filters and the ne 

nad Inspecniion ol equipmet 


THIRD SESSION— 


Thursday, July 6, 9:00 a. m. 
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Report on Research Activities 


W. L. Fleisher, chairman of the Committee on Research, spoke 
of several outstanding accomplishments during the first six 
months of 1939, one being the consummation of an agreement 
with the U. S. Navy Department, Washington, D. C., which in 
volves a comprehensive cooperative program extending over a 
period of two years for which the government will contribute 
$10,000 per annum. The program is under the direction of a 
special committee composed of W. L. Fleisher, J. H. Walker, 
C.-E. A. Winslow, A. E. Stacey, IJr., and Director F. C. 
Houghten 


Projects at Pittsburgh 


(1) From a contribution of $3,500 in earmarked funds, test 
cubicles to study the solar radiation transmittance through glass 
block wall construction have been erected at the Laboratory. 
Because this study is of vital interest to engineers concerned with 
the application of summer cooling and air conditioning in build 
ings containing glass block construction, the results will be of 
wide interest lhe work is proceeding under the supervision 
of the Technical Advisory Committee on Air Conditioning Re 
quirements of Glass, of which M. L. Carr is chairman. 

(2) A fund of $6,000 has been collected for studies outlined 


by the Technical Advisory Committee on Radiation and Com 


fort, of which J. C. Fitts 1s chairman. Two test rooms have 


been erected on the root of one of the Laboratory buildings in 


Pittsburgh and arranged with similar exposures in order that 


the effect of radiant heat may be appraised on a comparative 
basis with other commonly accepted methods of heating 

(3) Studies of the flow of air in ducts continue under the 
Technical 


direction of Chairman J]. H. Van Alsburg and his 


\dvisory Committee « \ir Distribution and Air Friction. The 


present work involves round elbows and their square equivalent 


ifter which investigations will be conducted on straight r 


a 
tangular ducts 

(4) Chairman C. S. Leopold and his Technical Advisory 
Committee on Cooling Load in Summer Air Conditioning have 
been instrumental in securing funds for the erection of two test 
buildings to determine the heat flow through various built-up 
wall sections 

(5) The physiological reactions of subjects to various heat 
outputs in summer and winter are being studied by the Technical 
\dvisory Committee on Air Conditioning in Industry, of which 
\. E. Stacey, Jr., is chairman 

(6) Data analyzed by the Laboratory staff for summer cool 
ing requirements in different metropolitan districts are presented 
Tasker 


and his Technical Advisory Committee on Sensations of Com 


in a paper at this meeting. Under the direction of (¢ 
fort, approval has been given for studies outlined by a Joint 
ASHVE and the 


Society which will be conducted at the Laboratory to determine 


Committee of the Illuminating Engineering 


human reactions to color sensations in various environmental 


conditions. 


Cooperating Institutions 


Research under cooperative agreements is being conducted at 
the following colleges 
University of California. Project outlined by the Technical 
\dvisory Committee on Cooling Towers, Evaporative Condensers 
and Spray Ponds, of which B. M. Woods is chairman 
f Applied Science. 


air distribution are under investigation 


Case School [wo projects dealing with 
\nother study comes 
under the direction of the Technical Advisory Committee on 
Heat Transfer of Finned Tubes with Forced Air Circulation, of 
which G. L 


University of Illinois (Engineering 


Tuve is chairman 
Urbana) Chis investi 
gation is concerned with the effect of inlet and exhaust opening 
location on the motion and distribution of air in a room 

V edical 


collected on the determination of cardiac output, blood volume, 


University of Illinois Chicago). Data are being 





Air Conditioning 
Section 


skin temperatures and oxygen saturation of ven 
comfortable, hot, dry and wet conditions for various sul 
Lehigh 


started on round and square elbows to determine 


University. Commencing July 1 an in 
offered to air flow. 

VMassachusetts Institute of Technology Studies 
at this institution on the attenuation of sound thro 
unlined ducts. This is one phase of the program 
nical Advisory Committee on Sound Control, J. S. P 
chairman. 

Michigan College of Mining and Technolog) 
rechnical Advisory Committee on Corrosion a progran 
developed at this institution under the direction of A 
ford who is chairman of this committee dealing wit 
termination of the degree of contamination of condens 
at varying rates from steam of known composition 

University of Minnesota. Investigation of air filt 
ance and methods of rating air filters is being cont 


a renewal agreement effective July 1 \ suitable field 





also being studied. 

University of Pennsylvania This researc 
experimental investigation of the departures from D 
in the case of moist air and has been planned by t 
Advisory Committee on Psychrometry of which F. R 
is chairman. 

niversity of Pittsburgh. Studies at the | 


Magee 


the air in an air conditioned operating room and ha 


Hospital deal solely with the bacteriologi 
ervised by the Technical Advisory Committes 
Disease, of which Dr. M. B. Ferderber is chairt 

Agricultural and Mechanical College of Texas. T) 
under the direction of the Technical 
Heat Requirements of Buildings, of which P. D. Clos 
man, is intended to ascertain flow of heat throug 
both heating and cooling cycles 

University of Wisconsi This is another stud 
under the supervision of the Technical Advisory ( 
Air Distribution and Air Frictiot 


Advisory Committees’ Activities 


Committee on Aw Pollut mad 
the membership of the Society has a definite interest 
broad field of air pollution and purification t 
ecutive Committee approved the appointment of C.-! 
low to act as general chairman for the ensuing 
H. B. Meller to act as 


Air Pollution and Dr. Le 
} 


vitation was extended t 


the Sub-Committee on 
burg has accepted the invitation to become chai: 
Group on Removal of Atmospheric Impurities 

of this general committee has just been completed 
pected that in the near future a program of 
outlined and initiated. 

Committee on Instruments This committee was 
D. W. Nelson chairman, and its program 
shortly. 

Committee on Weather Design Conditions. ( 
Urdahl has been setting up a program in cooperati 
various utility organizations to determine uniforml) 
and wet-bulb temperatures in the principal cities 

Committee on Solid Fuels. Chairman W. A. D 
designated several sub-groups to report on antl 
minous and sub-bituminous coals as well as _ lignit 


Another sub-committee on chimneys has been very a 


the first of the year in outlining a program of resea! 
R. T. Miller, chairmar 


Guide Publ 


Committee on Insulation 
operative work under way with the 
mittee and development of a chart showing the 1 


relative humidities to be maintained inside the 
varying outdoor conditions 


The paper, Study of Summer Cooling in th 
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Residence for the Summer of 1938 by A. P. Kratz, 5 
Ke . M. K. Fahnestock and Ek. L. Broderick, was pre 
sented by Professor Kratz, Urbana, Ill. (Complet 


pal published in August 1939 ASHVE Journas 
Secrion, Heating Piping and Air Conditioning). 

~ Written discussions by L. T. Avery, Cleveland, A. B 
Newton, Minneapolis, and Mr. Urdahl were read by Mr 
lames, and oral comments were made by C. F. 
Cleveland, and Prof. F. 
\very believed the authors’ investigations would be help 


B. Rowley, Minneapolis. M1: 


ful in extending the use of simple and inexpensive cool 
systems for medium sized residences. He also com 
mented on the contrast between intermittent operation 
wd continuous operation of cooling plants in commer 
ial and residential work, but warned that summer ai! 
nditioning will receive public acceptance only when 
e design and the equipment are adequate to assur 
satisfactory comfort. Mr. Newton expressed particulai 
nterest in the graphical comparison between the results 
btained with the different size condensing units and h« 
suggested a means of reducing the on and off cycles and 
roposed an extended series of comparative tests fot 
iture consideration. Mr. Urdahl expressed particular 
nterest in the authors’ observations on heat flow and lag 
rough insulated and non-insulated walls, and he ex 
pressed the hope that continued research would provid 
, wider application of air conditioning for summer com 
ort with initial and operating costs much below present 
He gave several examples of ai 


levels. conditioning 


system performance that checked closely with the results 
btained by the authors. 
Vice-Pres. F. E. Giesecke, College Station, Tex., took 
chair and introduced Prof. L. M. K. 
lower Performance Studies 
Complete paper to be published in ASHVE Journai 
Section, Heating, Piping and Air Conditioning). Vic 
‘resident Guiesecke expressed the appreciation ot the 


Boelter, who 
gave his paper, Cooling 


embers for the papers and inquired if there was any 
nfinished business to come before the Society 

\s nothing was offered, he called for the report of the 
esolutions Committee, which was read by Secy. A. V. 
iutchinson, New York, and was unanimously adopted 


Report of Resolutions Committee 
[he members of the Society attending the 


g 1939 at Mackinac 


i¢ utmost the thoughtful and complete arrangements which 


Semi-Annual Meet 


Island, July 4, 5 and 6, having enjoyed 
ive contributed so much to the delightful meeting now coming 


a close, wish to express their thanks and appreciation as 


W. G., 


king Committee on 


Boales, general chairman, and his able and hard 
Arrangements of the Michigan and 


‘estern Michigan Chapters for their untiring efforts in ou 


the membership of the two Chapters as a whole for their 
| cooperation in their joint sponsorship of the meeting 
tmery Hatch and staff of the Georgian Bay Line for the 
is assistance rendered those members who came by boat 
W. $8. Woodfill and every employee of The Grand Hotel 
s¢ unfailing thoughtfulness and courtesy have contributed 
argely to our pleasure; 


Roger Andrews, whose all too brief talk on this his 
t at the semi-annual banquet was outstanding. It was 
a highlight of our meeting, but it also aroused in all 


lesire for further knowledge about this Hill of History 


Heatine, 
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Cushing, 
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L ommittec Nest cl { iD] 


W. H. Carrier Entertained at Washington, D. 
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Fun for Everyone 
at Mackinac 


An extensive entertainment and sports program was provided 
for members and guests attending the Society’s Semi-Annual 
Meeting at Mackinac Island, July 4-6, and all activities were 
under the general supervision of O. D. Marshall, Grand Rapids, 
Chairman of Activities on the Island. A delegation from the 
Reception, Transportation and Ladies Committees was at the boat 
pier with the Hotel Orchestra when the S. S. South American 
arrived with a group of 110 who had taken the lake cruise en 
route to the meeting. Passengers and baggage were brought 
to the Grand Hotel in the horsedrawn conveyances which are 
typical of Mackinac Island. 

Registration started July 4 at 8:30 a. m. and sports activities 
were the immediate objective of many, while other members 
attended Council and Committee meetings which were held 
throughout the day. 

At 9:30 a. m. an 18-hole medal play golf tournament was held 
on the hotel course with 50 players participating. Competition 
was for the Research Cup and the Eichberg Memorial Cup. 
G. D. Winans, Detroit, Chairman of the Golf Committee, was 
in charge. 

On Wednesday afternoon, July 5, a ladies golf tournament 
was held and those who participated were Mrs. H. C. Murphy, 
Mrs. E. Holt Gurney, Mrs. J. H. Milliken, Mrs. S. FF. Myers, 
and Mrs. R. W. Schneider. 


The golf tournament winners were as follows 


Research Cup—J. H. Milliken, Chicag 


Eichberg Cup—lIllinois Chapter tea (1 Br 1 | iH Milliker 
R. | Moore) 

Low Gross—-M. F. Blankin, Philadelphia 

Runner-up—Tom Brown, Chicag 


High Gross—lI R. Bishop, Detr 
Winners of the kicker’s handicap were 


I W. Rietz, Chicago, 

W. M. Myler, Jr., Columbus, O 
l \. Novotney, Johnstowr Pa 
Mw. OW Bishop, Chicago, 

N D. Adams, Rochester, Mint 
W. G. Schlichting, Kalamazoo, 
,. | Kriebel, Philadelphia, 

( I Price, Chicago, 

George Kingsland, Minneapolis 
Ht. H. Erickson, Philadelphia 


specia iwa s 
} I Meyer, Peoria, most birdies 
I ]. Linsenmeyer and G. H. Tuttle, Detroit, most 7's; 
R. F. Hunger, Philadelphia, 100 
C. F. Cushing, Cleveland, low score 4th 


R. K. Milward, Detroit, low score 7tl 
RK. T. Miller, Chicago, most pars 


(,uest prizes 


| 


George Kelting, Minneapolis, 
R. J. Resch, Minneapolis, high score. 

\ sports program and children’s games were handled by 
Messrs. B. F. McLouth and S. S. Sanford and during the after- 
noon the children enjoyed a hiking party and water sports at 
the pool. At 5:45 the children gathered for a bus ride around 
the island and greatly enjoyed the novelty of being driven in 
a horse-drawn carriage 

During the afternoon of July 4 a group of 48 ladies enjoyed 
a bridge game and afternoon tea. At 6:00 p. m. the Blue 
Room was the scene of an enjoyable social hour and over 100 
members and guests participated. A special feature was the 
presentation of good luck horseshoes to the Officers and Council 
members by W. C. Randall, Detroit, President of the Michigan 
Chapter. This unique gift was a horseshoe that had come from 
Mackinac Island and had been polished and plated. A gift from 
the members of the Michigan and Western Michigan Chapters 
was presented to W. G. Boales, General Chairman of Arrange 











A quartette from Detroit—Frank Connell, Bob Milward 
E. Anderson and W. J. Whelan 





Fair foursome—Miss Helen Rose, Mrs. A. E. Stacey. Jr 
Mrs. W. G. Boales and Mrs. J. H. Walker 


Photes by Pa 
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Merrill Blankin thinks it’s fun, but it’s serious business 
for Tom Urdahl and John Landers in Chapter lancing to the ( 


































ents by D Marsl all, ( hairmat ol \ tivities | M ich 


itt tii ] 
and atcin t 
\tter dinner on July ith, Mal ittended tr ivin elebra = ‘ . . 11 
enjoyed the folk dancing and fireworks \t 10:00 p. 1 tn the om where the 
» crowd gathered in the Casino at the Grand Hotel and enjoye = who tends the trian “— 
or show and dancing During the festivities Prof | vit nerfect weathe 
nsenmever of Detroit, Past President of the Michigan ( we 
presented a fine traveling bag to J. I’. McIntire, President vs ‘ O <t 


f the Society, on behalf of the Western Michigan and Michiga ~* creed 1 aa 


( apte rs 


Un Wedne sday, July Stl ., Many ot the laches started 


( 
ycle trip around the Islay | and others en ed i Carriage 
e. At 11:00 a. m. S. H. Downs led a group of fishermen t wary 
boat landing for a trolling trip. When they returned, it was cu nN cs , 
eded that S. F. Myers caught the largest fish and M. | ot Std 
kin caught the most fis! Others who parti ipated Wi 1 ; om 
C. Soule, Syracuse, T. D. Stafford, Grand Rapids, H = | 
Metzger, Kalamazoo, R. | Blanding, Providence. Dr. M. |} 
rderber, Pittsburgh, E. J. Rodee, New Haven, N. D. Adan S. K detroit 
chester, Minn., J. S. Kilner, Detroit, F. W. Johnson, Detroit meyer, D 
\t 2:15 p. m. 80 ladies and children embarked on the stean 
Mackinac Islander for a trip around the Island At 6:00 r. ' ' 
childret enjoyed a beacl irty and picnic supper ' H : , 
he Semi-Annual banquet and dance was held in the Casi Lu V) 
t the Grand Hotel and at the conclusion of dinner, Prof. E. O 
astwood, toastmaster, introduced Prof. F. B. Rowley w ré ‘ 
ted the Past President's Memort Book to E. Holt G 
ront Mr. Gurney expressed his appreciation for the | ( 
ume that had been compiled and which would remirn G. W. Akers 
I mn. (f rl : ( 
W. C. Ran 
‘ é se 
i | Aver 
M. C. Bema 
Se] Da | 
' 





R. F. Conn Det er W 

Dinnertime on the South American and the Carpenter 
family, the Moodys, Blandings, Blankins and Evans are msportal fel M. B.S 
enjoying it ance a 
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Bon Voyage Committee, Detroit: E. H. Clark, Chairman 
M. B. Shea L. A. Burch 
C. L. Toonder 


Canadian Trips: 
W. J. Whelan, Detroit FF, J. Linsenmeyer, Detroit 
R. K. Milward, Detroit a 
R. L. Deppmann, Detroit 


Anderson, Detroit 


COMMITTEES FOR MACKINAC ISLAND ACTIVITIES 
QO. D. Marshall, Grand Rapids, Chairman 


Reception: R. F. Connell, Detroit, Chairman 
J. S. O'Gorman, Detroit G. H. Tuttle, Detroit 
M. W. Bishop, Chicago S. W. Todd, Grand Rapids 
F. C. Warren, Grand Rapids Ss. H. Downs, Kalamazoo 


Transportation; H, F. Reid, Muskegon Heights, Chairman 
S. S. Sanford, Detroit, Vice-Chairman 
!. S. Cunningham, Dowagiac J. G. Dykman, Grand Rapids 
W. H. Old, Detroit P. J. Vanderlip, Lansing 
H. D. Bratt, Grand Rapids H. J. Young, Muskegon 
W. F. Graff, Grand Rapids S. J. Dempsey, Battle Creek 


Publicity: T. D. Stafford, Grand Rapids, Chairman 
S. L. Worthing, Grand Rapids H. F. Hutzel, Detroit 
Golf: G. D. Winans, Detroit, Chairman 


W. G. Schlichting, Kalamazoo’ R. L. 


\. E. Knapp, Detroit E. J 


Deppmann, Detroit 
Anderson, Detroit 


Children’s Activities: S. S. Sanford, Detroit, Chatrma 


Mrs. F. J. Feely Mrs. R. F. Connell 
Mrs. J. H. Walke: Mrs. G. D. Winans 
Mrs. A, E. Knapp Mrs. S. H. Downs 
Mrs, O. D. Marshall Mrs. G. H. Tutth 


B. F. McLouth, Chairman, and Mrs. McLouth, Lansing 
Mr. and Mrs. R. E. Distel, Mr. and Mrs. V. H. Hill, 


Lansing Lansing 


horts 
‘{ res 


Fishing Trip: S. H. Downs, Chairman, Kalamazoo 


H. J. Metzger, Kalamazoo r. D. Stafford, Grand Rapids 


Sessions: W. W. Bradfield, Grand Rapids, Chairman 
W. C. Randall, Detroit, Vice-Chairman 
R. S. M. Wilde, Highland Park 


\. E. Knibb, Detroit G. D. Woodhouse, Dowagiac 


Ladies: H. F. Hutzel, Detroit, Chairma 
B. F. McLouth, Lansing 
Mrs. L. G. Miller, East Lansing Mrs. O. D 
Mrs. C. R. MecConner, Kala Rapids 
mazoo Mrs. R. F. Connell, Detroit 


Mrs. L. L. MeConachie, Detroit Mrs. Tom Brown, Chicago 


Marshall, Grand 


Special Boat Trips: C. H. Pesterfield, East Lansing, C/hairmai 
S. S. Sanford, Detroit 
R. K. Milward, Detroit 


I. J. Anderson, Detroat 
B. F. McLouth, Lansing 


Banquet: L. G. Miller, East Lansing, Chairman 
F. R. Bishop, Detroit A. Marin, Ann Arbor 
W. C. Randall, Detroit 


MICHIGAN CHAPTER 


President: W. C. Randall Secretary: W. H. Old 
Vice-President: G. H. Tuttle S. Kilner 
Board of Governors: J. S, O'Gorman, S. S. Sanford, M. B. Shea 


Treasurer: J. 


WESTERN MICHIGAN CHAPTER 


President: B. F. McLouth Secretary: C. H. Pesterfield 

Vice-President: T. D. Stafford Treasurer: C. H. Morton 

Board of Governors: C. R. MecConner, W. G. 
F. C. Warren 


Schlichting, 


536 
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Officers Elected by Montreal Chapter 


Montreal Chapter met at the \ 


with an attendance of 39 members and guests. T] 


Vay 22, 1939. 
called to order by Pres, F. J. Friedman at 8:00 p 
of the previous meeting were read by Secy. C. W 
accepted by the meeting. 

Annual reports were submitted by the president, 
treasurer. Reports for the year were also submit 
Membership Committee and the Attendance Commit 

‘he next order of business was the report 
Ofthcers elected for the ensuing season 1939-40 wer: 

President-—-L, H. Laffoley. 

ce-President—W. U. Hughes 

Secretary—C. W. Johnson. 

Treasurer-—-G, E. Perras 

rs—A. B. Darling, G. L. B 
Ir. J. Friedman, G. L. Wiggs 

rhe speaker of the evening, M. B. McLachla 

by Mr 


British Secret Service Agent During the Great 


l‘riedman, and presented his Personal | 
of thanks was extended to the speaker on bel 
by Mr 
Che chair was then turned over to the 
Mr. Laffoley, by M1 


New business brought before the Chapter 


Ballantyne. 
l‘riedman, past president 


sion of a June golf meet \ motion was mad 
tyne and was seconded and carried that the Golf ( 
given authority to select the date and place 

The meeting was adjourned at 11:30 p. m. a 


report of Secretary Johnson 


Western New York Annual Meeting 
Vay 10, 1039 The annual meeting of Weste1 
Chapter was held at the University Club, Buf 


members and guests attending 


Pres. J. J. Landers appointed H. G. Zolitsch, H 
bach and H. A. Ruff as tellers \ count of the 
for the officers and board of governors for 19 
following results 

ient—<L. P. S 
Vice-President—C. A. Giff 
President W K Heat 

Secretary H. ¢ Schater 

reasure? B. ( Candec 

Che following were declared elected to the boar 


nors: D, J. Mahoney, M. C. Beman, Joseph Da 


Farnham and J. J. Landers, retiring president 
J 7 ] 


becomes the fifth member of the Board of Gover 
the amendment to the Constitution adopted in 19 
The Chapter voted $25.00 towards the expens 
delegate, Mr. Landers, to the Society's Semi 
Mackinac Island, Mich 
he treasurer's report for the fiscal year was | 
Mr. Schafer and showed a balance as of May 8 of $ 
Che auditing committee reported that the records 
Schafer were in good order and the amount as 
correct. 
Cae 
attend the Semi-Annual Meeting at Mackinac Isla: 


Farrar urged that every member mak« 


Mr. Landers then turned the meeting over to Pres 
Saunders, and later the chair was occupied by M 
B. C. Candee presented a past president’s cert 
retiring president and, in accepting this, Mr. Lander 
his appreciation for the support which the officers 
gave him during his administration 

Vice-President Gifford then introduced the spea! 
evening, T. L. Wilkinson, district PWA_ supervis 
chosen as his subject the Workings of the PWA. M 
son gave a very interesting and instructive talk afte 


was elected an honorary member of the Chaptet 


Heatinc, Princ anp Ar Conprrioninc, At' 








Bulkeley Dies \ rk, 














‘ 
I i WW i ile ir 
with sorrow that the unexpected deatl t Claue \ aatiein , alias '. 
must be recorded on Sunday, July 9, 1939, at ldyleas ering epartment luP \ ‘ \\ 
S um. Newfoundland, N. J., where he had been ill for ton. Del During this ve — 
of weeks luneral services were conducted on July > , , , ; 
. experimenta al evel ment “ i i 
Funeral Home, Newton, N. J., the town in which his . 
itt ( ce ‘ ‘ ASES ( 
home was located Masonic services were conducted hens : , 
‘ ‘ i! ti { ‘ 
‘ rave by Harmony Lodge, No. 8, F. & A. M., with buria , 
>* . esses ot ma ac ‘ ror } s Mr. | 
‘ ton Cemeter\ 17, 
| les! tl M “ve : tay 
. Pay ev was born at Galesburg, ay 24, 1875 : 
" I ilkel . ned thie Nu vara Ae ( | 
was graduated from Grand Junction High School, Col 
eng nec ’ whic ‘ 
He received his undergraduate training at Knox College 
ipparatus, bot ‘ tra _ 
he did post graduate work at the University of | 
{ lit eme kor ep 
' eivine the deere { MS in engineering . D 
cneinecrinys i i b 
rofessi experience ot Mr. Bulkel Vas concern 1] 
’ Blower ( 
\I ele 
i ‘ T 
‘ pater <* i ~ 
i 
ip] | il t t 
Mr. Bull 
Du ee } \l ‘ 
it ¢ m 
\ } Ke i T 
‘ o% , Povey etr ‘ 
C. A. Bulkeley ind rious papers for engin 
€, « o INK dustrial eng , M | ele s el ‘ 
’ t ng, pat i s He \ 
I t ‘ I Ss deat i s 
”) e receive , S. Trea Department appoint ( tt ! | il A ( } 
( eng! > ou H Ist i 1 P st Onl He : ‘ 4 \SH\ 
St M ¢ passed the required ] ser Syst ( tte / H i 
t vit es rack i tew months he , F. & A. M., St. J M 
’ tes ( c tederal buildings e cit i \ ) N M Pa al N 
; it xte P ’ te le al lh, ildings ‘ , P | (ot ‘ 1 ( Cl the ~ 
st It 1906 | was ppomted chief eng I ed ‘ 
Educat ( it Ne | wis from 10 17 ‘ E66 the pat tr) Mir et { } 
nsulting engineering with Marks & Woodwell, N« Merle | é t il ( 
CANDIDATES FOR MEMBERSHIP 
Constitution of the Society, as now amended, requires the 1 wing mode of procedurs voting <« applica 
» in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and t 
s shall be printed the next issue of the JOURNAL of the Society or sent to the members 1 ther approved manne 
{ mncil When replies are received from references, the Candidate's ap} it hall b submitte t il 
Committee on Admissi and Advancement as soon as possible 
When the Committee on Admission and Advancement has acted favorably up i Candidate's applicat i 
de, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. Durn 
| itions for membership have been received and the names of these men and their sponsors are p iblished in t \ 
Members are requested to scrutinize the list with care The Committee on Admission and Advancement, a t 
urge the members to assume their share of responsibility of receiving these candidates to memb | 
. promptly of any whose eligibility for membership is in any way questioned 
: rrespondence in regard to such matters is strictly confidential, and 1s solely 1 g t > 
very member to promote 
ss objection is made by some member by August 15, 1939, these candidates will be ballote Ol ‘ ‘ 
rship will be notified by the Secretary immediately after electi 
CANDIDATES REFERENCES 
P 
r. H., Dist. Mer., Buffalo Forge ¢ Dallas, Ts R. K. Werner L. 3. G rt 
ement ) | Giesecke G. Bata 
T . ; | } 
i M., Head of Mech. Energ. Dept., (Jueen s Un .. Sa ») > I s 
t Kingston, Ont., Can. (Reinstatement) ( \. Orri VV Ss. N. Grahas 
Kk. M., Supervisor Mech. Equip., Independent Sch R. A. Norma kK. Trigg 
Des Moines. Iowa Perry La Ru { \ elstl 
. . =f 
l. A. Dist. Mer (American Blower Corp., Dallas L. S. Gilbert C. L. Ku 
. M. W. Brow Ee. KR. Cas ‘ 


Hears 
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CANDIDATES 


Burces, J. H. M., Chief Draftsman, Lipscombe Air Cond. Co., 
Ltd., London, England 

CamMpPBELL, G. W., Engr., 
Washington, D. C. 


Cox, V. G., Dist. Sales Mgr., Century Electric Co., 


H. Urdahl, Consulting Engr., 


Dallas, Tex. 


T., Air Cond. Engr., The Lancaster Co., John- 


Tenn 


Dappario, F, 


son City, 


FLANAGAN, J. B., Sales Mer., Warden-King, Ltd., Montreal, 


Wue., Can. 


Game.e, C. B 
Orleans, La. 


Ener., Leo S. Weil New 


( Advancement) 


£ & Walter B. Moses, 

Haztenurst, H. D., Serviceman, Southern California Gas Co., 
Los Angeles, Calif. 

MacLacuian, V. D., Sales Engr., Honeywell-Brown, Ltd., 
don, England (Advancement) 


Matueka, C. R., Student, New 


Lon- 


York Technical Institute, New 


York, N. Y 

Muruarp, K. R., Sales Engr., U. S. Radiator Corp., Portland, 
Ure. 

Patrerson, J. D., House Htg. Engr., Chattanooga Gas C 
Chattanooga, Tenn. 

Rossiter, I. J., Sales Engr., American Blower Corp., Mil 
waukee, Wis 

ScHRoepER, W. R., Sales Engr., General Heating Corp., Chi 
cago, Ill 

Suarp, J. E., Htg. & Air Cond. Engr., Springfield Stoker & 
Htg. Co., Springfield, Il 

SumMeE, J. G., Machinist, Streeter-Amet Co., Chicago, III 

Witcox, C. M., Design Engr., War Dept., Washington, D. ( 

Witson, W. E., Owner, Wilson Plumbing Co., Asheville, 
i. 


Section 


REFERENCES 


Proposers Si ders 
H. W. J. Lipscombe J. J. Frases 
J. K. M. Pryke Victor Kraminsk 
Fk, M. Grimes W. E. Kingswell 
I’, M. Thuney lr. H. Urdahl 
M. W. Brown T. H. Anspacher 
E. K. Campbell, Jr. L. S. Gilbert 
Elmer Torok W. R. Sanders (Non 
C. A. Thornburg (Non L. K. Cardwell (4/4 
Member) 
G. L. Wiggs G. L. Ballantyne 
Kk. J. Lefebvre W. W. Timmin 
G. E. May B. C. Candee 
©. E, Gammill \. V. Hutchinso: 
EF. H. Kendall \. J. Hess 
H. B. Lauer I. C. Blair (ASR! 


Thomas McDonald 
J. J. Fraser 


A. M. Peart 


[Thomas Chester 


E. R. Snavely T. W. Kunzog 

G. A. Belsky H. FE. Williams 

B. W. Farnes r, E, Taylor 

J. D. Kroeke J. A. Freeman 

EF. J. D’Imor O, F. Reynolds (\ 

S. T. Franklin (4/4) \. J. Westerfield (A 
Wember) 

M. W. Bishop r. M. Hughey 

| \. Bernert C. S. Becket 

C. M. Baumgardner fom Brown 

W. B. Schuler J. R. Vernos 

FF, C. Roberts (Non-Member) J. D. Lindsay (A 

H. I. Reiger (Non-Member) H. M. Poppenga (A 
Vember) 

S. I. Rottmavyer H. B. Knudsen ( Von-M 

Albert Pelletier (Non-Member) W. T. Hooper (Non-M 

Andre Merle Mark Bensinger 

M. D. Kiczales \. G. Goergens 

C. E. Petty r. C. Cooke 

R. B. Rice H. H. Hill 








CANDIDATES ELECTED 





In the past issues of the JoURNAL of the Society the names of the following men were listed as Candidates for Membershi 
membership grade of each Candidate has been assigned by the Committee on 


Council. 
lowing list of candidates elected: 


MEMBERS 


American Radiator & Stand- 
( Reinstatement) 


\rHerton, G. R., Mgr. Vento Dept., 
ard Sanitary Corp., Chicago, Ill. 
Bercer, J. L., Secy., W. R. Rhoton Co., Cleveland, Ohio 
CuLiLen, A. C., Executive, Cullen Co., Washington, D. C. ( 
vancement ) 
riksSoN, H. A., Vice Pres., A. B 


holm, Sweden 


ld 


Svenska Flaktfabriken, Stock 


Fotey, D. F., Asst. Mer., W. B. Young Supply Co., Kansas City, 
Mo. (Advancement) 

GraNnkeE, A. A., Sales Engr., Speakman Co., Wilmington, Del 

Jounson, F. W., Pres., Johnson Larsen Co., Detroit, Mich. 


( Revistatement ) 


Neuspauer, E. W., Ener., Campbell Norquist & Co., Portland, 


Ore. 
Yates, J. E., 


land, Ore 


Ener., Pacific Power & Light Co., Port 


Asst. 


ASSOCIATES 


Lubbock, Tex 
Van 


Newton & Co., 
Alben 


\inswortH, S. E., Enegr., Roche 
\LBEN, E. A., Htg 
couver, Wash. 
\vuer, G. G., Pres., 
BantTA, G. L., Br 


Htg 


Contractor, Equipment Co., 


Register Co., Cleveland, Ohio 


Lo., 


\uer 
The Trane 


Mueller 


The 
Mer., 


Enegr., 


Portland, Ore 


Byrne, J. J., Furnace Sales, Portland, 


Ure. 


Carroii. FE. E.. Owner, Kleenair Furnace Co., Portland, Ore 


938 


We are now instructed by the Council to post herewith, as required by 





} 
Admission and Advancement and balloted upon 


Art. B-III, Sec. 8, of the By-Laws 


Dyer, W. S., Htg. Contractor, H. W 
Mich 

WituiaM, Br. Mgr., Johnson Service Co., 

Haut, N. H., Engr., East Ohio Gas Co., 


Dyer & Son, Batt! 


(GEHRS, 


Portla 


Cleveland, O! 


HeikkILa, F. E., Sales Engr., Westinghouse Elec. & M 
Buffalo, N. Y. 

Hlurwicu, S. B., Engr., American Lubricants, In 
es 

Sweeney, R. H., Sales, Minneapolis-Honeywell Reg. ( 
burgh, Pa. 

JUNIORS 

Brown, S. D., Office Mer. & Sales Engr., The Trane | S 
kane, Wash. 

Gowpy, A. C., Estimator & Detailor, Handley Plun 
Columbus, Ohio 

Hutcuinson, F. A., Mer., Repair Dept., C. J. Doug 
Shanghai, China 

Mannen, D. E., Jr., Vice Pres., The Mannen & Roth ¢ 
land, Ohio 

McDermorr, J. P., Br. Engr., The Trane Co., Portlai 

Mis, R. H., Sales Engr., W. S. Turner & Co., Portla 

Munro, D. R., Jr., Mfrs. Repr.. D. R. Munro & 5S 


land, Ore. 
STUDENTS 


Soret, FRANK, Student, New York Technical Instit 


Ve rk, N. = 
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